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STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION. 


1. INTRODUCTION. THE EXPEDITION TO MANCHURIA AND 
THE CONDITIONS UNDER WHICH THE WORK WAS 
PERFORMED THERE. 


By Iücuanp P. STRONG. 
(From the Biological Laboratory, Bureau of Science, Manita, P. Г.) 


During the winter of 1910 to 1911, Manchuria was ravaged 
by an epidemic of pneumonie plague which in modern times 
knows no parallel, Upon the receipt of cable advices from the 
War Department, Washington, and the American National Red 
Cross Society, sufficient laboratory apparatus for emergency 
work in plague was hastily packed and Doctor Teague and the 
writer proceeded with this equipment by the quickest possible 
transportation to Mukden, Manchuria, arriving in this city on 
Mareh first! Here our services were at once placed at the dis- 
posal of the representatives of the Chinese Government. 

The story of the Manchurian epidemie of pneumonie plague 
has been told at some length in the Report of the International 
Plague Conference, recently published in Manila under the super- 
ion of the writer, In the present report it is merely the 
intention to recount our more important personal experiences 
and studies regarding pneumonie plague, either ed oul by 
us in Manehuria or im this laboratory by ourselves or other 
memb of the Май of the laboratory since our return. ‘The 
epidemic had reached its height at Mukden a few days before 
our arrival there, and our investigations were immediately eom- 
menced at the plague hospital where we found abaut 50 cases 
of this disease on the aceasion of our first visit. As is frequently 


s of this expedition to China, where Doctor Телос and 
s of the American National Red Cross 
epresentatives to the International Playue 
y paid for by the American N ар Red Cross 
Society and by the Chinese Government. 
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the ease in other countries, when large epidemics of disease 
suddenly arise, China was unprepared to cope with this outbreak 
of plague. In Mukden there was no suitable building that could 
be used for a pneumonic-plague hospital. However, an old 
temple, situated about a mile from the city, had been converted 
for this purpose. (See Plate I.) About the various court yards 
of the temple numerous wards had been hastily constructed 
of light timber and boards, and the crevices between the boards 
covered with paper. Three small rooms, situated in the center 
of the hospital, were turned over to us for laboratory purposes. 
(See Plate IL) Tables, basins, etc., were supplied, and our 
laboratory apparatus having been installed, we began regular 
clinical and laboratory studies, which were continued until the 
end of the epidemic. In addition to the laboratory supplies 
brought with us, we ordered by cablegram from Messrs. Lauten- 
schlager, Berlin, the emergency plague laboratory adopted by 
Professor Koch for the Institut fiir Infektionskrankheiten, 
Berlin, to be shipped to us by express. This laboratory appa- 
ratus is very compactly packed in five aluminum cases and cost, 
delivered in Mukden, exclusive of express, 6,925 marks. While 
with this additional equipment we were able to carry on satis- 
factory laboratory work, nevertheless, in our improvised labo- 
ratory building there was no running water, and even in the 
day time it was difficult to heat the rooms properly. At night, 
the temperature in the building was frequently below freezing 
point, so that incubators could not be kept at satisfactory tem- 
peratures, Obviously there was no gas in Mukden, and for 
bacteriological work alcohol blast lamps were employed and 
for sterilization purposes, primus burners. In addition, we 
found it difficult or impossible to replenish our chemicals and 
other supplies. These and other unfavorable conditions served 
as obstacles to the performance of ideal work, and many of 
our researches were, therefore, only completed in this laboratory 
after our return. We had previously purchased in Shanghai 
at the Municipal Laboratory, through the kindness of its director, 
Dr. Arthur Stanley, all the guinea pigs that that institution 
could spare. This proved a fortunate purchase, for we were 
unable to obtain any more of these animals during the entire 
time we were engaged in plague work in Mukden. Mice, how- 
ever, were obtainable in limited numbers, and two species of 
marmots were kindly supplied us by the Chinese. 

In the plague-hospital-wards, wooden platforms, about 70 cen- 
timeters high and 2 meters broad, and extending along one 
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wall the full length of the room, served as beds. (See Plate ITI.) 
On our first arrival at the hospital, we found that, owing to 
the great fear of contracting the disease that existed among the 
hospital attendants, the patients secured practically no medical 
attention. They were merely brought to the hospital to die, 
and the dead were removed each morning to the dead house. 
The patients lay on these platforms, or couches, side by side 
in their ordinary street clothes, and were not separated one 
from another in any way. We sometimes found patients with 
other diseases and with forms of lung trouble other than plague 
pneumonia on these couches, and in some instances we were able 
to save them from plague infection by the early diagnosis of 
the disease and by their speedy removal. The floors and walls 
of the wards were frequently spotted copiously with bloody 
sputum which had been expectorated upon them. We at once 
instituted a system by means of which an early diagnosis was 
made and an immediate bacteriological examination of the spu- 
tum of each case entering the hospital was performed. Later 
some beds were secured and many of the patients were placed 
on these. Also, hot tea and rice were supplied to them when 
they were able to receive such food. The wards were very 
inadequately heated by small iron stoves, and the temperature 
in them was at least during the night below the freezing point. 
The sputum in the sputum cups was frequently found in the 
morning to be frozen solid. No other European or American 
physicians attended the hospital, but there was a staff of Chinese 
doctors and medical students under the direction of Dr. Y. S. 
Wang, and towards the end of the epidemic an English male 
nurse was employed by the Chinese. In the early part of the 
epidemic a number of the native staff of the hospital became 
infected and died of plague. 

We observed the strictest personal precautions against con- 
tracting the disease and never entered the wards unless fully 
protected by a proper mask, by goggles, usually rubber gloves, 
and by a cotton uniform. (See Plate IV.) Although we worked 
in the wards each day until the end of the epidemic and were 
often with patients for several hours continually, giving intra- 
venous injections, leaning over coughing patients, exposing agar 
plates before them, making physical examinations, ete, we 
remained entirely healthy. 

The type of mask whieh we used consisted of a cotton-wool pad, 
12 centimeters wide, broadly folded in plain gauze, the two ends 
of which were each cut into three parts as a three-tailed bandage. 
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The tails of the bandage were tied one below the ear behind the 
neck, one above the ear, and the third above the head as a jaw 
bandage. The spaces on each side of the nostrils between the 
mask and the cheeks were plugged with cotton-wool. The whole 
mask was then covered with another piece of gauze in which 
openings for the eyes were made and the ends cut into four 
tails and tied behind the head and neck. (See Plate V.) This 
gauze served to keep the mask in place and to hold it securely 
against the face. While this form of mask appeared during 


the epidemic to be efficacious in preventing the wearer from con- 


tracting plague infection from a pneumonic-plague patient, two 
preliminary experiments performed in this laboratory by Teague, 
Barber, and the writer? have shown that this type of mask is 
not perfectly bacteria-proof. Since, however, as it has already 
been pointed out, we were frequently for hours at a time in close 
contact’ with coughing pneumonic-plague patients and remained 
entirely healthy, it appears that, during an epidemic, this form 
of mask is, at least, usually safe for practical purposes, and 
that while the gauze and cotton comprising the mask may not 
intercept bacteria, which are suspended and sprayed in a fine 
vapor in salt solution or even in saliva, they nevertheless usually 
intercept the fine droplets of sputum emitted, for example, by 
the cough of pneumonic-plague patients? However, the very 
careful and complete experiments of Barber and Teague, for 
which they deserve entire credit,* throw considerable doubt upon 
the question of the degree of protection that would be afforded by 
this mask during a pneumonie-plague epidemic. These authors 
also demonstrate that the Broquet type of mask is more efficient. 


+ Report of the International Plague Conference held at Mukden, April, 
1911. Manila (1912), 394, 

* The droplets of mucus emitted from coughing pneumonic-plague patients 
are evidently much larger and heavier than the majority of those which 
are disseminated from an artificial spray of any kind and particularly is 
this truc in the case of those where a force-pump is employed. Where 
the bacteria are suspended in saline solution and sprayed with a fine 
spray, the particles are always very much finer than those emitted from 
coughing individuals and have a much greater power of permeability. 
See Kirstein, Ztschr. f. Hyg. и. Infeciionskrankh. (1900), 35, 123; 
Hutchinson, ibid. (1901), 36, 223. Laschtschenko states, ibid. (1899), 
30, 132, the mucus droplets are also not so easily transportable as the 
particles from a spray. According to Heymann, ibid. (1899), 30, 139; 
(1901), 38, 21, the smallest droplets emitted by coughing tuberculous 
patients have a diameter of not less than 20 ди, 

* See XII, p. 255 of this report. 
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Should an epidemic of pneumonic plague occur again, it is 
believed that it will be possible to employ in the wards female 
nurses for the care of the sick, with but moderate danger to 
themselves from contracting infection if they are properly 
protected with a suitable mask and uniform. 

On our arrival in Mukden, in discussing the preliminary plans 
of our work, we were informed by some European missionary 
doctors that, owing to the sensitiveness of the Chinese people and 
to the reverence with which they regard the bodies of the dead, 
it would be quite impossible for us to perform necropsies in 
Manchuria, that necropsies had never been permitted, and if 
we should attempt to perform them, there would be riots among 
the people, and that we would surely be mobbed. Nothing of 
this kind was experienced, but frequently we found it difficult 
to secure necropsies. When we were first presented to the Vice- 
roy of Manchuria, he asked for our assistance and advice in 
combating the plague. We replied that all assistance and advice 
possible would be given, but that at first it would be necessary 
to study the plague cases in the hospital, to have liberty to 
treat the plague patients, and to examine their bodies after 
death to see the effects of the treatment, сіс. The Viceroy did not 
state definitely that permission would be granted us to perform 
necropsies, but spoke only of the danger from infection in per- 
forming them. However, he did not refuse to let us са: 
them on, and this was considered by us at the time as a s 
factory arrangement. In spite of the obstacles in obtaining 
pathological material from time to time, nevertheless we finally 
secured 25 perfectly fresh, complete necropsies. We were told 
that these were the first post-mortem examinations that had 
ever been permitted in Mukden. (See Plate II, Necropsy room.) 
The examinations were sometimes performed under difficulties, 
owing to the extreme cold. The water in the buckets would 
sometimes freeze while the necropsy was being performed, and 
the blood formed icicles as it flowed upon and over the edges 
of the table. 

The study of the pathological anatomy of the disease was 
considered important, owing to the fact that previously no such 
study had been pürsued during an extensive epidemic of pneu- 


^ During the epidemic, Koulecha performed 28 necropsies in Harbin, the 
majority of which were upon bodies which were frozen and subsequently 
thawed, and Fujinami examined 26 bodies in Changchun and Dalny. See 
Report of the International Plague Conference, pp. 151 and 144. 
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monic plague. Tissues from each human necropsy, as well as 
many of the gross organs and pathological material from in- 
oculated animals, cultures, microscopical specimens, etc., were 
brought by us to Manila and have been used in completing the 
work. It is believed that the study of this disease during the 
Manchurian epidemic and the further experiments relating to 
the subjéct, performed in this laboratory and outlined in the 
following pages of this report, have materially increased our 
knowledge of pneumonie plague. 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION. Ў 


П. THE METHOD OF TRANSMISSION OF THE INFECTION IN 
PNEUMONIC PLAGUE AND MANNER OF SPREAD OF 
THE DISEASE DURING THE EPIDEMIC. 


By RICHARD P. STRONG AND Oscar TEAGUE. 
(From the Biological Laboratory, Bureau of Science, Manila, P. 1.) 


Immediately after establishing our laboratory in Mukden, 
experiments were undertaken with the idea of elucidating the 
method of transmission of the infection in pneumonic plague 
and the manner of spread of the disease during the epidemic. 

The sputum of pneumonic-plague patients in the advanced 
stages of the disease always contains enormous numbers of 
plague bacilli. The temperature of the hospital wards at Mukden 
was sufficiently low so that the expired air became immediately 
condensed to a vapor which was clearly visible to the eye as 
it issued from the mouth, and frequently could be seen for a 
‘distance of 30 centimeters or more from the face. In many 
of the patients advanced pulmonary cdema was present and 
the respirations were sometimes very forcible and sometimes 
even stertorous. Therefore, experiments were carried on to 
show, first, whether in cases of pneumonie plague the specific 
organism of this disease became disseminated into the air by 
the expired air or vapor arising from the breath in ordinary 
or dyspneeic respiration, and, secondly, whether this organism 
was disseminated by moderate attacks of coughing in pneumonic- 
plague cases in which the cough did not result in the expulsion 
of particles of sputum visible to the naked eye. These questions 
were studied extensively by means of exposing Petri dishes 
containing agar before undoubted plague cases and of then 
identifying the organisms which developed on the media by 
the usual bacteriological methods and particularly by animal 


inoculations. 
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In the course of the experiments, on a number of occasions 
during coughing, small droplets or larger particles of sputum, 
visible to the eye, were expelled, and touched the surface of 
the media in the Petri dishes which were exposed before the 
plague patient. The study of these cultures obviously is not 
included in this investigation. The Petri dishes containing agar 
were invariably exposed before cases of pneumonic plague with 
bloody sputum, in which enormous numbers of plague bacilli 
had been shown to be present. All of the cases before which 
the plates were exposed died of plague infection within twenty- 
four to forty-eight hours from the time of the exposure. Twelve 
series of experiments have been performed in which 82 plates 
containing agar were exposed and in 78 the microürganisms 
which have developed upon them studied as far as was prac- 
ticable. 

The experiments were performed in the following manner: 
The plates were sterilized in the hot-air sterilizer within a metal 
plate-holder. They were then removed, the agar-cultures melted 
and poured in the usual way, and, as soon as the medium was 
sufficiently hard, were replaced within the plate-holder and taken 
to the bedside of the patient in whose sputum plague bacilli 
had previously been found. АП of the attendants were asked 
to retire from the ward in order that as little dust as possible 
might be present in the air. The condition of the patient before 
whom the plates were exposed was noted, and during the ex- 
posure of the plate the character of the respirations was par- 
tieularly observed and notes made of whether coughing or talking 
occurred. The time of the exposure of the plate and the distance 
from the patient were also recorded in each instance. After the 
exposure, the plate was returned to the holder and placed in the 
incubator. Twenty-four hours later the plates containing the 
culture-media were examined for the appearance of colonies and 
the number of colonies counted, but the plates were not usually 
opened until after forty-eight or seventy-two hours. The colonies 
were then again counted and carefully studied. Any of the colo- 
nies which in any way resembled colonies of the plague bacillus 
were transplanted to slants of agar. The morphology and stain- 
ing properties of the organisms on the plate- and agar-slant- 
cultures were then studied. In every instance in which the 
morphology was at all similar to that of the plague bacillus or the 
organism decolorized by Gram’s stain, it was inoculated either 
into mice or guinea pigs. In a number of cases the colonies were 
so thick on the plate, or surface growths from: contamination 
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with bacteria from the air were so extensive, that the separate 
organisms could not be isolated and studied. In a few of these 
instances a suspension of the whole growth upon the plate- 
culture was made, and a portion of the Suspension either rubbed 
over the freshly-scarified abdomen of a guinea pig or inoeuiated 
subeutaneously into a mouse. On several occasions in which 
it seemed hopeless to determine whether the plague bacillus 
was present or not on the medium in the plate, owing to the 
extensive contamination of the culture with bacteria other than 
the plague bacillus, the guinea pig so inoculated died of plague. 
In some instances the plate-cultures were discarded because of 
very extensive contamination probably from air organisms which 
covered the whole surface of the medium with a very thick layer 
of growth. The ideal method would have been to inoculate 
guinea pigs by the eutaneous method with light scarification 
of the abdomen, with suspensions of the bacteriological growth 
on all those plate-cultures in which the separate colonies could 
not be isolated, and in this manner, perhaps, in others of these 
plate-cultures the presence of the plague bacillus might have 
been demonstrated. There is no more delicate a test for the 
presence of the plague bacillus than this procedure, and its 
efficacy is very great even when the few plague bacilli present 
are extensively overgrown by other mieroórganisms. Unfor- 
tunately, our supply of guinea pigs was limited to those we 
brought with us and none could be obtained in Mukden during 
the winter. Since we had numerous other expcriments to per- 
form, which also required the use of guinea pigs, we could only 
allow, while in Mukden, a very limited number for the present 
study. In the case of all of the organisms which suggested 
in any way the plague bacillus and the colonies of which had 
been transplanted to agar slants from the plates, inoculations 
of guinea pigs were made after our return to Manila. 

During the colder weather in Mukden, the plates containing 
agar, exposed before plague patients during ordinary respira- 
tion, were frequently entirely sterile. The plates were usually 
exposed vertically before the mouth and nose of the patient, 
the time of exposure varying generally between two and five 
minutes ; usually the shorter period was employed. In the exper- 
iments performed in the earlier part of the investigation, the 
plates were held at a distance of from 5 to 7 centimeters to 90 
centimeters or 1 meter from the mouth of the patient. Later 
in the experiments, when it became evident that in cases without 
cough during exposure no plague bacilli were encountered at 
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the greater distances, they were exposed before cases which 
did not cough, usually at a distance of from 5 to 18 centimeters 
in front of the mouth and nose. Before coughing patients the 
distances varied from 5 centimeters to 2 meters. A summary 
of the details of the experiments follows. 


EXPERIMENTS. 
SERIES I. 


On March 4, six plates containing agar were exposed in a ward containing 
6 patients. Dimensions of ward about 3.5 by 4.5 meters. Ail plates exposed 
before pneumonic-plague cases, none of which coughed during the time of 
exposure. 

Plates A and B exposed for three minutes at a distance of 30 centi- 
meters from the mouth of the patient. Result after forty-cight hours: 
Both plates negative for colonies. 

Plates C and D exposed for one and one-half minutes at a distance 
of 70 centimeters. Result after forty-eight hours: Both negative for 
colonies. 

Plate E exposed for two minutes at a distance of 5 centimeters. Result 
after forty-eight hours: Three colonies developed on the plate. Two of 
these colonies are composed of a coarse bacilus which does not decolorize 
by Gram. The third is composed of a coccus. 

Plate F exposed horizontally for eight minutes in the ward, 1 meter 
from the nearest patient. After forty-eight hours 8 colonies developed. 
On microscopical examination, none of the organisms composing these 
eolonies resembled the plague bacillus, either in cultural characteristics, 
morphology, or in staining reactions. 


SERIES II. 


Case 1.—Pneumonie-plague patient; sputum not markedly blood-tinged, 
but patient very il. Plate containing agar exposed at a distance of 5 
centimeters from the mouth for one minute. Respirations quiet. Result 
after forty-eight hours: Two colonies have developed on the plate, one a 
large white colony of a coarse bacillus which does not decolorize by Gram’s 
stain, the other a small and delicate colony planted on an agar slant. 
This organism partially decolorizes by Gram’s stain. Mice Nos. 4 and 6 
inoculated subcutaneously with 0.5 ове of this organism. Neither of these 
animals developed plague. 

Case 2.—Sputum slightly bloody; respirations quiet. Plate exposed at 
a distance of 5 centimeters for one minute. Result after forty-eight 
hours: Negative for colonies, 

Case $.—Patient asleep. No coughing during exposure. Plate exposed 
for two minutes at a distance of 5 centimeters from the mouth. Result 
after forty-eight hours: Plate negative for colonies. 

Case 4—Patient very ill. Advanced ease of plague pneumonia, with 
much bloody sputum. Vapor arising from breath. Marked dyspnea. 
Groaned slightly while breathing. 

Plate A exposed at a distance of 5 centimeters for one minute. Result 
after forty-eight hours: One colony, a pleomorphic bacillus, with square 
ends. Evidently not plague. 
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Plate B exposed at a distance of 5 centimeters for one minute. Result 
after forty-eight hours: Three colonies. All examined and proved to be 
a very large bacillus which does not decolorize by Gram. 

Plate C exposed for two minutes at a distance of 5 centimeters, Result 
after forty-eight hours: Negative for colonies. 

Case 5,—Patient delirious. Plate exposed for two minutes at a distance 
of 11 centimeters. Patient coughed slightly while plate was exposed. 
Result after forty-eight hours: Negative for colonies, 

Case 6.—Advanced case with bloody sputum. Temperature 39° C. 

Plate A exposed for forty seconds at a distance of 11 centimeters. 
Patient coughed slightly twice during exposure. No visible sputum on agar 
in plate. Result after forty-eight hours: A single large colony, resembling 
а colony of the colon bacillus. Microscopically, a very small bacillus 
which decolorizes by Gram. Planted on an agar slant. This organism 
was later inoculated in а dose of 0.5 ese subcutaneously into guinea pig 
No. 5475, The animal remained healthy. 

Plate B exposed for two minutes at a distance of 11 centimeters. No 
coughing during exposure. Result after forty-eight hours: Three colonies; 
2 large white colonies which consist of a coccus, the third of a bacillus 
that morphologically might be the plague bacillus. The colony is smail 
and delicate. This organism decolorizes by Gram's stain. It was planted 
on an agar slant and later inoculated in a dose of 0.5 ase subcutaneously 
into guinea pig No. 5487, which remained healthy. 

Case ?.—Plate exposed for a few seconds at a distance of 11 centimeters, 
Patient coughed three times during the interval. Apparently no sputum 
touched the medium in the plate. One colony after twenty-four hours. 
After forty-eight hours no further organisms developed. ‘The single colony 
consists of a large coccus. 

Case 8.—Plate exposed for one minute at a distance of 11 centimeters. 
Patient talked slightly while plate was exposed. Result after forty-eight 
hours: Negative for colonies. 

Case 9.—With much bloody sputum. Plate A exposed for one minute 
at a distance of 11 centimeters. No coughing during exposure. Result 
after forty-eight hours: Fifteen colonies; rather heavy and white in appear- 
ance. None of these suggest plague. Microscopical examination of а 
number of them reveals a coarse bacillus which does not decolorize by Gram. 

Plate B exposed for two minutes at a distance of 18 centimeters. 
No coughing. Result after forty-eight hours: A single colony=a large 
coccus, 

Case 10.—Plate exposed for fifteen minutes in ward horizontally about 
1 meter from a very sick patient, with much bloody sputum. No coughing 
during time of exposure. Result after forty-eight hours: Four colonies 
of moulds and 3 large colonies with yellow centers; evidently not those 
of the plague bacillus, Microscopically—a coccus. 

Case i1.—Very sick case. Much bloody sputum. Plate exposed for 
one minute at a distance of 5 centimeters. Patient coughed slightly during 
exposure. Result after forty-eight hours: Negative for colonies. 


SERIES Hl. 


Case 1.—Plate exposed for one minute at a distance of 11 centimeters 
from the mouth. No coughing, Result after forty-eight hours: About 50 
colonies have developed on the medium. Some of these look macroscopically 
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as though they might be those of the plague bacillus, but microscopically a 
number of them consist of a large bacillus which does not decolorize by 
Gram’s stain. 

Case 2.—Plate exposed for two minutes at a distance of 11 centimeters, 
No coughing. Result after forty-eight hours:. One large colony of a coarse 
bacillus which does not decolorize. A group of several hundred pin-point- 
sized colonies; evidently not plague colonies. Microscopical examination 
shows a large bacillus in long chains. 

Case 3.—Plate exposed at a distance of 90 centimeters from the mouth 
for fifteen minutes. No coughing. Result after forty-eight hours: About 
20 seattered colonies and a patch of several thousand (?) colonies that 
do not look at all like colonies of the plague bacillus. A number of these 
colonies examined consist of a fine bacillus which does not decolorize by 
Gram’s stain. 

Case 4.—Plate exposed for one minute at a distance of 11 centimeters. 
No coughing. Result after forty-eight hours: Negative. 


SERIES ТУ. 


Case 1.—Advanced case with bloody sputum. Much vapor arising from 
the mouth, 

Plate A exposed for two minutes at a distance of 11 centimeters. No 
coughing. Result after forty-eight hours: One large spreading colony, 
evidently not plague. Two Jarge white colonies, evidently not plague. 
Two pin-head-sized colonies might possibly be plague colonies. On March 
17, only 3 colonies are present on the plate that could possibly be plague. 
These were transplanted and studied. They all consist of a very short 
bacillus which partially decolorizes by Gram's stain. This organism was 
later inoculated by the cutaneous method into guinea pigs Nos, 5462 and 
5477, which remained healthy. 

Plate B exposed in similar manner to Plate A. No coughing. Result 
after forty-eight hours: One-half of the plate is overgrown by a surface 
growth; the other portion is free from colonies. Discarded. 

Case 2.—With much bloody sputum. Vapor arising from the mouth 
during respiration. 

Plate A exposed for two minutes at a distance of 11 centimeters. 
Patient coughed four times during exposure. Result after twenty-four 
hours: Almost the whole surface of the plate covered with a thick growth, 
which may be that of the Hay bacillus, In addition, there are 14 pin-head- 
sized colonies which may be seen beneath this growth. Plate discarded. 

Plate B exposed for two minutes at a distance of 11 centimeters. 
Patient coughed three times during exposure. No visible sputum on plate. 
Result after forty-eight hours: Entire plate overgrown, except near the 
edge. Here are situated 5 small white colonies. Two of these are pin- 
point in size; the others are larger. The large colonies=a_ bacillus 
which does not entirely decolorize, The small colonies entirely decolorize 
by Gram’s stain. One of these planted on an agar slant and later in- 
oculated cutaneously into guinea pig No. 5486, which died of typical 
plague infection with early inguinal buboes, four days after inoculation. 
The whole plate-culture was suspended in a little saline solution, and 
several свет of this suspension rubbed over the. shaved and scarified 
abdomen of guinea pig No. 11. This animal died four days later. At 
necropsy there were typical inguinal buboes and a typical plague spleen. 
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Case 3.—Much bloody sputum. Patient aslcep during exposure and 
groaning slightly. Plate exposed for two minutes at a distance of 5 
centimeters. Result after forty-eight hours: Two large yellow colonies, 
evidently not plague. On March 17, one red colony had also developed 
on this plate, but no other colonies. 

Case 4.—Advanced case with bloody sputum. Patient coughed several 
times during exposure. Plate exposed for two minutes at a distance of 
11 centimeters. Result after forty-eight hours: The whole surface of plate 
covered with a thick layer of growth which has the odor of the Hay 
bacillus, Plate discarded. 

Case 5.—Advanced case with bloody sputum. Patient snoring during 
exposure. Plate exposed for two minutes at a distance of 11 centimeters 
from the mouth. Result after forty-eight hours: 11 colonies; 3 resembling 
colonies of the colon baeillus, the others are more delicate and might be 
colonies of the plague bacillus, March 17, the majority of these colonies 
are of bacilli which do not decolorize by Gram's stain. Three colonies are 
found of a bacillus which does decolorize. These organisms were planted 
9n agar slants and later inoculated into guinea pigs Nos. 12, 5471, and 
5472, All of these guinea pigs remained healthy. 

No. 6.—Plate exposed in plague ward for nine minutes about 1 meter 
from the nearest patient. Result after forty-eight hours: The whole sur- 
face covered with a whitish growth, beneath which are about 40 large 
white colonies which do not resemble plague colonies, Plate discarded. 

No. 7.—Plate exposed in the ward, same as No. 6. Result after forty- 
eight hours: Growth over entire surface of the plate. Impossible to study 
individual colonies. Plate, therefore, discarded. 


SERIES V. 


Case 1——Very sick, with much bloody sputum. In last stages of the 
disease. Much dyspnoea and pulmonary cdema and much vapor arising 
from the mouth. 

Piate A. Patient coughed once during exposure of plate which lasted 
for one minute at a distance of 11 centimeters from the mouth. Result 
after forty-eight hours: About 60 colonies are scattered over one-half of 
the plate. Some of these look as though they might be plague colonies. 
Three of these, the organisms comprising which decolorized by Gram's 
stain and were bipolar when stained, were planted on agar slants and 
later inoculated by the cutaneous method into guinea pigs Nos. 13, 5474, 
and 5304, all of which died of typical plague infection. 

Plate B exposed for two minutes at a distance of 11 centimeters from 
fhe mouth. Patient coughed slightly during the time of exposure, Result 
after seventy-two hours: Thirteen colonies on the plate. Six, which were 
large white colonies, could not be those of the plague bacillus. Seven of 
them might be colonies of the plague bacillus. A number of these colonies 
planted on agar slants as follows: 1 Bi—a short bacillus or coccus; 
Gram-positive. 1B2—2a very fine coccus; Gram-positive. 183, по 
growth. 1 В 4=а very small coccus. 185 and 1B6—a bacillus which 
decolorizes by Gram's stain; inoculated cutancously into guinea pigs 
Nos. 14 and 5809; both of these animals died of typical plague infection. 

Case £.—Much bloody sputum, pulmonary edema, and marked dyspnea. 
Much visible vapor arising from the mouth. 

Plate A exposed for two minutes at a distance of 11 centimeters. 
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No cough. Result after twenty-four hours: No colonies. After forty- 
eight hours: Sixteen colonies made up of moulds and yellow colonies. 
Two small white colonies which possibly might be colonies of the plague 
bacillus planted on agar slants. One of these=a coccus, the other=a 
bacillus which decolorizes by Gram. Growth on agar develops a deep 
yellow pigment; evidently not plague. 

Plate B exposed for two minutes at a distance of 5 centimeters. No 
coughing. Result after seventy-two hours: Four colonies; 1 very large 
yellow, 1 small yellow, and 2 small white colonies. The white colonies 
are planted on agar. They are composed of a bacillus which partially 
decolorizes by Gram’s stain. These cultures were later inoculated into 
guinea pigs Nos. 5320, 5470, and 5473 by the cutaneous method, all of 
which remained healthy. 

Case 3.—Much sputum; temperature 40° C. Plate exposed for two 
minutes at a distance of 11 centimeters from the mouth. No coughing. 
Result after forty-eight hours: Twenty-two colonies, none of which re- 
semble colonies of the plague bacillus. In growth on agar slants, mor- 
phology, and staining reaction, the organisms comprising a number of 
these colonies all differ essentially from the plague bacillus. 

Case 4—Advanced case with marked dyspnea and pulmonary cedema. 
Coughed slightly during exposure of plate. Plate exposed for two minutes 
at a distance of 15 centimeters from the mouth. Result after twenty-four 
hours: Eleven colonies have developed, 8 or 4 of which might possibly 
be colonies of the plague bacillus. After seventy-two hours about 40 
colonies have developed. Only about 6 of these could possibly be colonies 
of the plague bacillus. These were planted on agar slants. Four of 
these organisms proved to be cocci and 2 bacilli, which partially decolorized 
by Gram’s stain. Cultures of the 2 bacilli were later inoculated by the 
cutaneous method into guinea pigs Nos. 5312 and 5465, both of which 
remained healthy. 

Case 5.—Advanced case with much bloody sputum. 

Plate A exposed for two minutes at a distance of 11 centimeters. 
Patient talked slightly during time of exposure. Result after forty-eight 
hours: One large and 12 pin-point-sized colonies. Microscopical exam- 
ination shows these to be composed of a bacillus that does not decolorize 
by Gram’s stain. Growth on agar too delicate for plague. 

No. 6.—Plate 1 exposed horizontally in a plague ward containing 3 
cases of plague for ten minutes. Patient coughing about 1 meter away 
from the plate. Result after twenty-four hours: Six colonies and 1 small 
group of colonies. After forty-eight hours, the whole surface of plate 
overgrown with a heavy growth. Impossible to identify colonies. Plate, 
therefore, discarded. 

No. 7.—Plate 1 exposed in same ward containing 3 persons with pneu- 
monic plague. Plate exposed for twelve minutes at a distance of about 
2 meters from advanced case of plague. Patient coughed a number of 
times during exposure. Head turned in direction of plate. Result after 
forty-eight hours: Fifteen colonies and a thick surface growth covering 
almost the entire surface of the plate. The whole of this plate was 
suspended in a little saline solution and several «sex of this suspension 
rubbed over the shaved and scarified abdomen of guinea pig No. 6. This 
animal died five days later of plague infection with typical inguinal buboes 
and plague spleen. 
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SERIES VI. 


Сазе 19.—Advanced case, breathing heavily, Temperature 40° C., pulse 
180. Much bloody sputum, containing large numbers of plague bacilli. 

Plates A and B each exposed for two minutes at a distance of 11 centi- 
meters, Patient breathing heavily during the exposure. Surface of media 
in plates wet by the breath. No coughing during time of exposure. 
Result after forty-cight hours: Plate A, 16 colonies; 1 very large colony 
with irregular borders about 1 centimeter in diameter; 6 heavy white 
colonies from 3 to 4 millimeters in diameter which do not resemble colonies 
of the plague bacillus in any way; 2 groups composed respectively of 4 
and 5 pin-point-sized colonies were examined microscopically and trans- 
ferred to agar slants. 

Results of cultures from Plate A: 19 A1—a bacillus mostly staining 
as rods, a few taking the bipolar stain; this organism decolorizes by 
Gram. 19 А 2=а similar bacillus to 19 A1. 19A3=a large diplococcus. 
19A 4 and 5=a large coceus. 19 A6 to a bacillus similar to 19 А 1. 
Culture 19 A 1 inoculated into mouse No. 13; dose 0.5 ese subcutaneously; 
animal remained healthy. Cultures 19 А 2, 6, and 9 inoculated by the 
cutaneous method respectively into guinea pigs Nos, 5463, 5480, and 5481. 
All of these animals remained healthy. 

Result of Plate B after forty-cight hours: A single small pin-head- 
sized colony. Evidently the same bacillus as 19 A 1. This organism grows 
very delicately upon agar. 

Case 20—Advanced case with bloody sputum. Temperature 40°C., 
pulse 134. Enormous numbers of pest bacilli in sputum. Three plates 
exposed before this patient, eaeh for two minutes at a distance of 15 
centimeters as follows: 

Plate A. Patient coughed slightly three times during exposure. 
Result after forty-eight hours: Seven colonies had developed; 1 large 
colony with uneven edges; 1 very large surface colony and another similar 
but slightly smaller one. None of these could be colonies of the plague 
baeilus. The remaining colonies are pin-head in size and were planted 
on agar-slant-cultures as follows: Cultures 20 À 1 and 4=a short bacillus 
which partially decolorizes by Gram's stain. These cultures were later 
inoculated by the cutaneous method into guinea pigs Nos. 5464 and 5484. 
Both of these animals remained healthy. Culture 20 А 2=a thick bacillus 
which does not decolorize by Gram’s stain. Culture 20 АЗ-са short 
bacillus which also does not decolorize. 

Plate B. Patient coughed slightly once during exposure, Result after 
forty-cight hours: Four colonies developed as follows: Culture 20 B1—a 
spore-bearing bacillus; culture could not be plague. Cultures 20B2 and 
3 are very large, heavy, white colonies;=a large spore-bearing bacillus 
which does not decolorize by Gram. Culture 20B4=a plump bacillus 
which also does not decolorize. 

Plate C. No coughing during exposure, Result after forty-eight hours: 
Four colonies, 3 large pin-head-sized and 1 pin-point-sized. All transferred 
to agar-slant-cultures. Results as follows: 20 C 1—a very small bacillus; 
does not decolorize by Gram. 20C2=a bipolar staining organism, but 
does not decolorize at all by Gram. 20 СЗжа соссиз. Colony on agar, 
yellow. 20 С 4=а bacillus; colony white, rather heavy for plague; mor- 
phology does not resemble that of the plague bacillus. This organism was 
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inoculated later into guinea pig No. 5461 by the cutaneous method. The 
animal remained healthy. Culture 20 C 5 shows very heavy white colonies 
of a coarse bacillus; evidently not plague. 

Case 21—Advanced case with bloody sputum, containing enormous 
numbers of plague bacilli. Temperature 40° C. pulse 130. Marked 
dyspnea, much vapor arising from the mouth, 

Plate A exposed for two minutes at a distance of 11 centimeters. No 
coughing during exposure. Surface of plate wet by the vapor from the 
lireath. Result after forty-eight hours: Fifty-eight colonies. Most of 
these do not resemble colonies of the plague bacillus. Nine of the colonies 
that might possibly be plague were jnoculated on agar slants and studied 
further as follows: 21 А 1 and 2=cultures of bacilli that do not decolorize 
by Gram; morphology not right for plague. 21 А 8=а соссиз or cocco- 
bacillus which decolorizes by Gram; 0.5 wse.of this culture was inoculated 
subcutaneously into mouse No. 12 and 1 ase eutaneously into guinea pig 
No. 5482; both of these animals remained healthy. Culture 21 А 4—a 
bacillus which does not resemble the plague bacillus morphologically and 
which only partially decolorizes by Gram's stain; 1 ase of this culture was 
inoculated by the cutaneous method into guinea pig No. 5483; the animal 
remained healthy. Cultures 21A5 and 6=large bacilli, Gram-positive. 
21 A T=the same culture as 21 A 4. 21 A 8—the same bacillus as 2143; 
inoculated into guinea pig No. 5322 by the cutaneous method; this animal 
remained healthy. 21 A 9=a bacillus whose morphology does not resemble 
the plague bacillus; only partially decolorizes by Gram's stain; 1 ese 
of this eulture was inoculated by the cutaneous method into guinea pig 
No. 5485; this animal remained healthy. 

Plate B exposed for two minutes at a distance of 11 centimeters. No 
coughing during exposure. Result after forty-eight hours: A large surface 
growth covers two-thirds of the plate, in which are situated 3 rather large 
white colonies which do not resemble plague. Three small isolated colonies, 
situated near the edge of the plate, might possibly be plague. Microscop- 
ically, these colonies are made up of a small bacillus which only partially 
decolorizes by Gram's stain. One of these colonies was transplanted to 
an agar slant and later inoculated into guinea pig No. 5479 by the cutaneous 
method; this animal remained healthy. 


SERIES VII. 


Case 25.—Advanced case with much bloody sputum, containing enormous 
numbers of plague bacilli Patient died two hours after exposure was 
made. Plates exposed for two minutes at a distance of 15 centimeters 
from the mouth. 

Plate A. Patient coughed four times during exposure. Result after 
twenty-four hours: Twelve colonies. After forty-eight hours, 33 colonies. 
All of the colonies, which looked at all suspicious of plague, planted on 
agar slants Nos. I to IX. A suspension was then made with 0.5 centimeter 
of peptone solution of all the colonies on the plate and 4 зеп of this 
suspension rubbed over the scarified abdomen of guinea pigs Nos. 8 and 
15 respectively. Guinea pig No. 8 was found dead Jess than twenty-four 
hours after inoculation. There were no evidences of plague infection. 
Guinea pig No. 15 was found dead four days after inoculation. At the 
necropsy there were inguinal hemorrhagic buboes and а typical plague 
spleen. Innumerable plague bacilli were present in the buboes and spleen. 
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The cultures formerly made from the colonies on the plate resulted as 
follows; 25 A 1=a coarse bacillus with square ends; decolorizes by Gram’s 
stain; this culture was later inoculated into guinea pig No. 5307 by the 
cutancous method; the animal remained healthy, Culture 25 А 2—a bacillus 
which decolorizes by Gram ; growth on agar appears somewhat heavy for the 
plague bacillus; inoculated later into guinea pig No. 5459; this animal 
died of typical plague infection after five days. 25 АЗ, 8, and 9=cultures 
of a spore-bearing bacillus; heavy white growth on agar. 25Ad=a 
bacillus which partially decolorizes by Gram, but whose morphology is 
not right for plague and whose growth on agar is much heavier than that 
of the plague bacillus. 25 АБ and 6—heavy white colonies; the same 
bacillus as 25A 4, 25 A 7 decolorizes by Gram; morphology looks right; 
this culture was later inoculated into guinea pig No. 5460 which died six 
days later of typical plague infection. 

Plate B. Patient talked a little during the time of the exposure and 
coughed once. Result after forty-eight hours: Sixteen colonies and a large 
surface growth. Only 3 of the colonies could possibly be colonics of the 
plague bacillus. These were planted on agar slants as follows: 25B1, 
colonies too heavy for plague;ca large spore-bearing bacillus. 25 ВО, а 
large bacillus; morphology not right, ends square, partially decolorizes; 
growth on agar not right for plague. 25 B3=a bacillus which partially 
decolorizes; 1 «ве of this culture was later inoculated into guinea pig 
No. 5308 by the cutaneous method; this animal remained healthy. 

Plate C. No cough while exposed. Patient talked most of the time, 
Result after twenty-four hours: Eleven colenies. Result after forty-eight 
hours: Sixteen colonies. Only 4 of these colonies could possibly be those 
of the plague bacillus, These were planted on agar slants as follows: 
Culture 25 C 1, the colonies might be those of the plague bacilius, but are 
2 little heavy. The organism is a bacillus which decolorizes by Gram; 
0.5 «ве inoculated subcutaneously into mice Nos. 18 and 26; both of these 
animals remained healthy; 1 cse of this same culture was later inoeulated 
into guinea pig No. 5467 by the cutaneous method; the animal remained 
healthy. 25 C2 and 3, the colonies have a yellowish-gray tinge; evidently 
not plague. 25 C4, colonies have a deep yellowish-orange color; evidently 
could not be plague. 

SERIES VIH. 


Case 28.—With much bloody sputum, containing large numbers of 
plague bacilli. Temperature 38*C., pulse 132. Patient died twelve hours 
after exposure of plates. Physical signs in the lungs very slight. 

Plate A exposed for two minutes at a distance of from 11 to 15 cen- 
timeters. Patient snored during the time of exposure. Result after forty- 
eight hours:: The whole plate covered with a very heavy buff-colored 
surface growth. Plate, therefore, discarded. 

Plate B exposed for two minutes at a distance of from 11 to 15 cen- 
timeters. Patient coughed slightly once during the time of exposure. 
Result after forty-eight hours: Sterile; no colonies have developed. 

Plate C exposed for two minutes at a distance of from 11 to 15 cen- 
timeters. Patient coughed severely once. Result after forty-eight hours: 
About two hundred small colonies scattered over all parts of the plate, 
from pin-point to pin-head in size; one large light, buff-colored colony 
with irregular margins. A number of the small colonies planted upon 
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agar-slant-eultures. One-fourth of an mse made up of several of the 
small colonies on the plate was inoculated into mouse No. 16 and 0.25 ese 
of several of the other colonies into mouse No. 17, both subcutaneously; 
both of these animals died after forty-eight hours with marked swelling 
of the inguinal glands which contained innumerable plague bacilli; in 
each the spleen was swollen and contained innumerable plague bacilli; 
in each, cultures from the heart showed Bacillus pestis. Results of 
colonies transplanted previously from the plate to agar slants are as 
follows: Culture 28 C1, a very short bacillus which resembles the pest 
bacillus morphologically and takes a bipolar stain; does not decolorize by 
Gram; 0.5 ese inoculated into mouse No. 21; the animal did not develop 
plague infection. Culture 28 C 2, short bacillus which does not decolorize 
by Gram's stain. 28 C3, evidently the same organism as 28 C1. 28 C4, 
а coccus or very short bacillus which does not decolorize by Gram; 
evidently the same as28 C1. 28 C5,colonies suggest those of Bacillus 
pestis; morphologically, a short bipolar staining organism; later in- 
oculated into guinea pig No. 5457 by the cutancous method; this animal 
died of typical plague infection six days after inoculation. 28 C6, a coarse 
bacillus, evidently not plague. 28 C7, evidently the same organism as 
28 С 1, not plague. 28C8, 9, and 10, a bipolar organism which decolor- 
izes by Gram's stain; 0.5 cse of 28 C 10 was later rubbed over the shaved 
abdomen of guinea pig No. 5458, which died of typical pest infection 
five days after inoculation. 

Plate D. Patient coughed several times during exposure. Plate ex- 
posed at a distance of about 70 centimeters and only during the time of 
coughing. Result after forty-eight hours: A large surface growth covers 
about three-fourths of the plate. In this are situated about 50 colonies 
which might be plague colonies. Outside of this growth are situated 
3 colonies which were planted on agar slants. Examined microscopically, 
the organism from these cultures is a very large bacillus which does 
not decolorize by Gram, but the culture does not look pure and in it 
there appear to be a few smaller bacilli which decolorize. For this 
reason, 1 cse of 28D1 and 1 «se of 28 D 2 were inoculated into guinea 
pigs Nos. 5454 and 5323 by the cutaneous method; both of these animals 
remained healthy; evidently the culture did not contain the plague bacillus. 

Plate E exposed for oue-half a minute at a distance of about 70 
centimeters from the mouth of the patient. Patient coughed several 
times during exposure. Result after forty-eight hours: About 100 colonies 
are scattered through a large surface growth which covers the entire 
plate. Since it is impossible to isolate the colonies, the whole plate was 
suspended in a few drops of saline solution and several asen rubbed over 
the searified abdomen of guinea pig No. 9; this animal was found dead 
four days later. There were marked inguinal buboes on both sides and 
the spleen showed miliary abscesses; innumerable plague bacilli were 
Present in smears from the spleen and buboes, and Bacillus pestis was 
isolated from the heart. ў 

Plate F exposed for two minutes at a distance of about 5 centimeters. 
No coughing during exposure. Result after forty-eight hours: Eight col- 
onies. Only 5 of these could possibly be plague. These were planted on 
agar slants. Only 3 of them looked at all like plague colonies. 28F 1, 
2, and 4 might be plague colonies; however, a microscopical examination 
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shows a very large bacillus which does not decolorize. Cultures 28 F 3 and 
5 reveal a coarse bacillus which only partially tecolorizes; these cultures 
were later inoculated into guinea pigs Nos. 5468 and 5469 by the eutaneous 
method; both of these animals remained healthy. 

Plate G exposed at a distance of about 70 centimeters. Patient requested 
to cough, which he did 8 times. Plate exposed for a few seconds during 
the period of coughing. Result after forty-eight hours: About 100 colonies 
are scattered over the surface of the plate from pin-point to pin-head in 
size and up to a little larger in diameter. Thirteen of these colonies which 
resembled more or less colonies of the plague bacillus were planted on 
agar slants. One-fourth «se of several suspicious-looking colonies on the 
plate were inoculated subcutaneously into mouse No. 14, and another 0.25 
ese of these colonies into mouse No. 15; one animal died forty-eight hours 
later and the other five days later of plague infection; in the first, the 
inguinal glands were swollen and contained innumerable plague bacilli, 
while in the second there was a typical left inguinal bubo; innumerable 
plague bacilli were present in the spleen of each animal. All the colonies 
on the plate (28G) exposed before this patient were suspended in a few 
drops of saline solution and several esex rubbed over the shaved and 
searified abdomen of guinea pig No. 19; the animal died three days later 
with typical buboes and plague spleen; smears from the bubo and spleen 
showed innumerable bipolar organisms. The results of the agar-slant- 
cultures made previously from the colonies on the plate are as follows: 
Culture 28 G1-a bacillus which does not decolorize. 28G2=a bipolar 
staining bacillus which decolorizes. Inoculated later into guinea pig No. 
5455 by the cutaneous method; the animal died six days later of typical 
plague infection. 28 G3 did not develop on agar. 28 С 4=а bipolar 
organism which decolorizes by Gram's stain. 28 G5, a similar organism 
to 28 С 4; inoculated later into guinea pig No. 5456 by the cutaneous 
method; the animal died six days later of typical plague infection. 
28 G 6=a bacillus which does not decolorize by Gram's stain 28 СТ, 8, and 
9=a bipolar organism which decolorizes by Gram's stain; 28 С 9 inoculated 
later by the cutaneous method into guinea pig No. 5324, which died of 
typical plague infection five days after inoculation. 28 G 10, a very short 
bacillus which does not decolorize. 28 С 11, 12, and 13, a bipolar organism 
which decolorizes by Gram's stain; probably the plague bacillus. 

28 H, ward plate, exposed in the center of the ward at about 2 meters 
from the nearest coughing patient. Time of exposure, four minutes. 
After forty-eight hours, only 2 isolated, large white colonies and a surface 
growth over about one-half of the plate had occurred. Plate discarded. 

Plate 28 1, ward plate, exposed in the same manner, 2 meters from 
coughing patient, as Plate H for ten minutes. Light surface growth covers 
the entire plate. There are a few colonies situated beneath this. Plate 
discarded. E 

SERIES IX. 


Case 29.—' Three plates exposed for a few seconds each about a quarter 
of an hour before death of the patient, at a distance of about 11 centimeters 
from the mouth. Much vapor arising from the breath. No cough during 
time of exposure. Result after forty-eight hours: On ай 3 plates, no 
colonies have developed; after seventy-two hours, plates still sterile. 
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SERIES X. 


Case 32.—Advanced case, temperature 39°.2 C., pulse 110. Pulmonary 
cedema of both lungs; much bloody sputum, containing innumerable plague 
bacilli. 

Plate A exposed for two minutes at a distance of 11 centimeters. No 
coughing during exposure. Talked slightly. Result after forty-eight 
hours: A surface growth covers the entire plate. It was, therefore, im- 
possible to study any isolated colonies beneath this. The whole plate was, 
therefore, suspended in a few drops of peptone solution and mouse No. 23 
inoculated with several sen subcutaneously. This animal remained 
healthy. 

Plate B exposed for two minutes at a distance of 11 centimeters. No 
coughing during time of exposure. Patient breathing quickly. Result 
after twenty-four hours: Plate sterile. After forty-eight hours, a heavy 
growth covers most of the plate, around the edge of which are a few 
delicate colonies measuring from 1 to 2 millimeters in diameter. Micro- 
scopical examination of these colonies shows a short bacillus which only 
partially decolorizes by Gram's stain; 2 «sen of a suspension of these 
colonies were inoculated subcutaneously into mouse No. 24, which did not 
develop plague infection. 

Plate C. Patient coughed slightly about ten times during exposure. 
Result after forty-eight hours: Surface growth over four-fifths of the 
plate. A few small colonies in this growth. Four or 5 pin-point colonies 
outside the growth. .Twenty-four hours later the whole plate covered by 
growth. Plate discarded. 

Plate D. Exposed nt a distance of about 70 centimeters. Patient gave 
one good cough during time of exposure which was for about one-fourth 
of a minute. Result after forty-eight hours: Surface growth over four- 
fifths of the plate. Three colonies outside of this which might be plague. 
Transplanted to agar slants. Results as follows: 32 D 1—a bacillus which 
decolorizes by Gram; morphologically, it looks rather thick for the plague 
bacillus, though from the colony, the organism might be the plague bacillus; 
inoculated later into guinea pig No. 5318 by the cutaneous method; the 
animal died seven days after inoculation with typical plague infection. 
82D 2=a bacillus which does not decolorize for the most part; however, 
there are a few organisms which are smaller and decolorize by Gram’s 
stain; culture does not appear to be pure; 1 ese of this impure culture was 
later inoculated into guinea pig No. 5446 by the cutaneous method; the 
animal died of typical plague infection four days after inoculation; there 
were typical inguinal buboes and beginning miliary abscesses of the spleen. 

Plate E exposed. at a distance of about 30 centimeters for three-quarters 
of a minute. Patient gave one good cough during exposure. Result after 
forty-eight hours: Two irregular-shaped colonies that could not be plague; 
otherwise plate sterile. After seventy-two hours about 82 colonies, pin- 
point and pin-head in size scattered over the plate. Six of these colonies 
were planted on agar slants; microscopical examination of all revealed a 
bacillus which took a bipolar stain and decolorized completely by Gram’s 
stain. Two of these agar-cultures were inoculated later by the cutaneous 
method into guinea pigs Nos. 5311 and 5447; the former died nine days 
after inoculation and the latter ten days after inoculation, both of typical 
plague infection with miliary abscesses in the spleen. 

Plate F exposed for two minutes at a distance of about 70 centimeters, 
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while many attempts at coughing were made. Result after forty-eight 
hours: Large surface growth covering the entire center of the plate, in 
which are situated about one dozen smaller colonies. Impossible to isolate. 
Plate discarded. 

Plate G exposed at a distance of 70 centimeters for a few seconds, while 
patient gave опе good ‘cough and made several attempts at coughing. 
Result after forty-eight hours: A number of suspicious-looking colonies 
present which take the bipolar stain and decolorize by Gram’s stain. The’ 
organism is evidently the plague bacillus. Surface of plate became wet 
and plate, therefore, being dangerous to handle was disinfected. 

Plate H exposed at a distance of 70 centimeters. One very good cough 
during time of exposure, Plate only exposed for a few seconds, Sputum 
was raised after the cough, but not during the cough. Result after 
forty-eight hours: Several hundred colonies which look suspicious for 
plague colonies. The colonies are not isolated, however, but in groups 
of very fine pin-point colonies and larger heavier colonies, about pin-head 
in size. A subsequent study of these cultures proves that 2 organisms 
are present on the plate; 1 a very small short bacillus which only par- 
tially decolorizes by Gram and whose colony is very delicate on agar and 
the other a bipolar-staining organism which entirely decolorizes by Gram. 
The latter organism was inoculated by the cutaneous method into guinea 
pigs Nos, 5310 and 5448, both of which died of typical plague infection, 
the former eight days after infection, the latter three days after infection. 
Two of the cultures of the organism which formed very delicate colonies 
on agar and which only partia"y decolorized by Gram's stain, were in- 
oculated into guinea pigs Nos, 5313 and 5317, both of which remained 
healthy. 

Plate I exposed at a distance of about 85 centimeters from the mouth 
for one and one-half minutes. Two good coughs during time of exposure. 
No visible sputum on plate. Result after forty-eight hours: Several hun- 
dred colonies that look suspicious of the plague bacillus. Colonies in small 
groups. Four of these groups planted on agar. Culture 3211 did not 
develop; cultures 3212, 3, and 4 ali revealed a bipolar organism which 
decolorized by Gram's stain; three of these cultures were later inoculated 
into guinea pigs Nos. 5303, 5449, and 5450, all of which died of typical 
Plague infection four days, six days, and eight days, respectively, after 

“inoculation. 

Plate J. Patient coughed during exposure. Small amount of sputum 

touched the plate. Plate, therefore, discarded. 


SERIES XI. 


Case 83—Much bloody sputum which contained innumerable plague 
bacilli. Temperature 39*.8 C. Physical examination shows tubular mod- 
ification of breath sound and signs of early oedema of the lungs. 

Plate, A exposed at a distance of about 85 centimeters. Patient gave 
five coughs during time of exposure. Plate then closed. Result after forty- 
eight hours: About 100 colonies scattered over the surface of the plate. 
Many look like plague. A number of these transferred to agar-slant- 
cultures. Subsequent study of these cultures shows that the majority 
consists of a bacillus which takes a bipolar stain and is completely decolor- 
ized by Gram’s stain. Three of these cultures were later inoculated into 
guinea pigs Nos. 5302, 5451, and 5452 by the cutaneous method; all of these 
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animals died of typical plagve infection; the first, four days after in- 
fection; the second, seven days after infection; and the third, eight days 
after infection. In addition to this organism on the plate, there was also 
present a small bacillus which has a very delicate colony and which 
usually does not decolorize by Gram's stain. This organism was en- 
countered previously on other plates and is not the plague bacillus, as 
has becn shown also by animal inoculation. 

Plate B exposed at a distance of 85 centimeters, while the patient gave 
six good coughs. Result after forty-eight hours: A heavy surface growth 
in whieh several hundred colonies are situated; only 1 colony outside the 
edge of the surface growth. On microscopical examination, this proves 
to be a very short bacillus or coecus which does not decolorize by Gram’s 
stain, 

Plate C exposed at a distance of 85 centimeters for fifteen seconds, 
while the patient gave 4 coughs. Result after forty-eight hours: About 
100 colonies scattered over the surface of the plate; many look like 
plague colonies. Five of the most suspicious were planted on agar slants; 
microscopica} examination of all of these cultures shows a bipolar-staining 
bacillus which decolorizes by Gram's stain. Two of these cultures were 
later inoculated into guinea pigs Nos. 5301 and 5453 by the cutaneous 
method; both of these animals died of typical plague infection; one seven 
days after inoculation and the other nine days after inoculation. 

Case $4.—Advaneed case, partially delirious. Physical examination 
shows tubular respiration and signs of advanced oedema at the bases of 
the lung posteriorly. 

Plate A exposed for two minutes at a distance of 11 centimeters from 
the mouth. No cough during time of exposure. Result after forty-eight 
hours: Many surface colonies. All colonies at all suspicious of plague 
were planted upon agar slants. A suspension was then made of all the 
colonies on the plate in а few drops of saline solution, and 3 оез of this 
heavy suspension rubbed over the scarified abdomen of guinea pig No. 
27; this animal remained entirely healthy. The result of the colonies 
previously transplanted on agar slants is as follows: 34A 1 and 2=a 
bacillus, short and very thick which, however, decolorized completely by 
Gram's stain; this organism was later inoculated into guinea pig No. 5306, 
which remained healthy and did not develop plague infection. 34A3= 
a very large and thick bacillus which does not decolorize by Gram. 
84 A 4=a coccus. 34 A 5—a bacillus which partially decolorizes by Gram's 
stain; this organism was later inoculated into guinea pig No. 5475, which 
remained healthy. ` 

SERIES XII. 


Case $5——Advanced case of plague pneumonia, Patient with marked 
dyspnea. Died about two hours afterward. 

Plate A exposed for two minutes at a distance of 7 centimeters. No 
cough during exposure of plate. Result after forty-eight hours: About 
28 colonies on the plate. Seven of these are large, irregular colonies 
which could not be plague. A number of smaller ones, from pin-point- to 
pin-head-size in diameter were planted upon agar slants. All the remain- 
ing colonies on the plate were then suspended in a few drops of peptone 
solution and 3 «sex of this suspension inoculated subcutaneously into 
mouse No. 25. This animal did not develop plague infection. The result 
of the colonies previously planted upon agar slants is as follows: 35A 1 
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and 5=a bacillus with very delicate colonies which partially decolorizes 
by Gram’s stain; these two cultures were later inoculated into guinea 
pig No. 5805, 1 ese of each culture being rubbed in different places over the 
shaved and scarified abdomen; the animal remained healthy. 35 A2, 3, 
and 4 are cultures of a small bacillus which does not decolorize by Gram's 
stain; this culture was inoculated into guinea pig No. 5319, which remained 
healthy. 35 А 6=a bacillus which partially decolorizes by Gram's stain; 
this organism was later inoculated into guinea pig No. 5321, which remained 
healthy. 

Plate B exposed at a distance of about 7 centimeters for two minutes. 
Patient breathing heavily; no cough during time of exposure. Result 
after forty-eight hours: Irregular surface growth, covering practically 
the whole surface of the agar in which many isolated, round colonies, from 
2 to 4 miilimeters in diameter, are situated. The growth on the plate was 
suspended in a few drops of peptone solution, and several wsen rubbed 
over the shaved and scarified abdomen of guinea pig No. 28 with a sealpel; 
the animal died six and one-half days after of typical plague infection; 
there was a hemorrhagic local lesion about the point of inoculation; 
hemorrhagic inguinal buboes; and the spleen showed early miliary absces- 
ses; there was no pneumonia; smears from the spleen and bubo showed 
innumerable plague bacilli, and a culture of Bacillus pestis was obtained 
from the heart. 

Plate C was exposed for two minutes at a distance of about 7 centi- 
meters; no coughing during time of exposure. Result after forty-eight 
hours: Irregular surface growth covering almost entire surface of the 

. Plate, in which are scattered numerous colonies, 2 to 3 millimeters in 
diameter. Just outside the edge are 3 small white colonies, which are 
planted on agar slants. The growth on the surface of the plate was then 
suspended in a few drops of saline solution and 3 esen inoculated subcu- 
taneously into mouse No. 26, which did not develop plague infection. 
Results of the cultures on agar slants are as follows: 85 C 1—a bacillus 
which decolorizes by Gram's stain; the growth is rather heavy for plague; 
the cuiture was inoculated later into guinea pig No. 5478, which remained 
healthy. 35 C2 and 3 are cultures of a large bacillus which partially 
decolorizes by Gram's stain; these 2 cultures were inoculated later into 
guinea pigs Nos. 5316 and 5315, which did not develop plague infection and 
remained healthy. 

Case 36.—Advanced case of pneumonie plague. Plate exposed at a 
distance of about 85 centimeters for one and three-quarters minutes. 
Patient coughed five times during exposure. Only 3 colonies developed on 
the plate. These were transplanted to agar. Two of these colonies failed 
to develop; the third proved to be a coccus or very short bacillus which 
partially decolorized by Gram's stain. This organism was later inoculated 
into guinea pig No. 5314 by the cutaneous method. The animal remained 
healthy. 


From these exporiments it may be seen that of the 82 plates 
containing agar, 8 were exposed in the wards in the neighbor- 
hood of pneumonic-plague patients, 4 were exposed before pa- 
tients who talked during the time of the exposure, and 35 before 
patients who coughed during the time of the exposure. In 39 
instances the plates were exposed before patients who did not 
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cough during the time of exposure, and, notwithstanding the 
fact that many of the patients suffered with marked dyspnea 
and advanced cedema of the lungs, in only a single instance was 
the plague bacillus encountered in one of these plate-cultures, 
although in a number of the experiments the surface of the 
medium was visibly wet by the vapor arising from the breath, 

In this one case, the conditions of the experiment were as 
follows: 

Three plates containing agar (Series XII) were all exposed 
at a distance of about 7 centimeters and for two minutes before 
a patient with marked dyspnea and who died two hours after- 
ward. A suspension of the bacterial growth upon one of these 
plates, which covered almost the entire surface of the plate, 
was made and a portion rubbed with the side of a scalpel over 
the abdomen of a shaved guinea pig and the skin then freshly 
searified. The animal died of plague infection six and one-half 
days later; there were inguinal buboes and miliary nodules in 
the spleen. The animals inoculated with the colonies from the 
other 2 plates exposed in exactly the same manner did not 
develop plague infection. The results obtained from the exam- 
ination of this one plate are different from those obtained from 
the remaining 38 plates exposed before patients who did not 
cough. Two possible explanations of the result suggest them- 
selves, first, that the plague bacilli reached the medium on the 
plate exposed before the paticnt in the plague ward in some 
other way than by the expired air from the patient; and, secondly, 
that the plate was infected with plague bacilli by the droplet 
method through the forced expirations of the patient during 
the time this one plate was exposed. 

The remaining number of plates (35)! were exposed before 
patients who coughed during the time of exposure, and in 15 
instances colonies of plague bacilli developed’ on the media in 
the exposed plates. In some cases more than 100 colonies of 
this organism were obtained upon the media after a single cough, 
Sometimes in almost pure culture. 

Guinea pigs, the abdomens of which had been shaved and 
extensively scarified just before the time of the experiment, 
were exposed before 3 cases of pneumonic plague for a period 
of two minutes and at a distance of 5 centimeters from the 
mouth, the abdomen .being placed toward the mouth. The 
breathing of the patients in all of these experiments was so 


*In 4 other instances tho patients talked during the time of the exposure, 
but no plague bacilli were demonstrated on these plates, 
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labored that the hair of the guinea pigs waved back and forth 
in the breeze made by the expired air, but no cough occurred 
during the time of the exposure. The animals remained alive, 
and did not develop plague infection. 

The results of our experiments are in accord with the well- 
known bacteriological facts that bacteria are not detached from 
moist surfaces by ordinary currents of air, but that when sudden 
and forcible eurrents of air are forced from a distance through 
narrow apertures as, for example, from the trachea through 
the vocal cords, the tongue being against the gums and teeth, or 
through the lips, as occurs in talking or coughing, that small 
droplets of mucus, frequently invisible, may be emitted. The 
question of whether the expired air of patients affücted with pul- 
monary tuberculosis was infectious was investigated particularly 
by Nägeli and Buchner? who demonstrated that such air was 
sterile. Flügge and his pupils, however, demonstrated that by 
coughing, tubercle bacilli were emitted in droplets from about 
40 per cent of the tuberculous cases examined. Cornet and 
Meyer * after considering all of the experimental evidence con- 
cluded that droplet infection did not play an important rôle in 
the dissemination of tuberculosis. 

In pneumonie plague the conditions are very different, owing 
to the enormous numbers of plague bacilli which are present 
in the lungs and bronchi. In our experiments, performed with 
cases of marked pulmonary oedema, the conditions were also 
different. The opportunities for infection by means of the 
droplet method must be very great in a pneumonic-plague ward. 
The distance from the patient that the air may be infected by 
droplets containing plague bacilli would apparently vary up 
to certain limits, particularly with the strength of the cough, 
the amount of mucus in the throat and larynx at the time, the 
size of the droplets emitted, the currents of the air in circulation, 
and the temperature * in the ward at the time. 


CONCLUSIONS. 


1. During normal and dyspneeic respiration of primary pneu- 
monic-plague cases, plague bacilli are not usually expelled by 
means of the expired air. 

2. During coughing of such cases, even when sputum visible 


?Die niedern Pilze, München (1877), 53, 108. Ceníralbl f. d. med. 
Wiss. (1882), 20, 513. | 

*Kolle und Wassermann, Handbuch der pathogenen Mikroorganismen 
(1903), 1, 146. 

* See HI, p. 157 of this report. 
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to the naked eye is not expelled, plague bacilli in large numbers 
may become disseminated into the air surrounding the patient. 

The idea that infection of doctors, nurses, attendants, ete., 
in plague hospitals is caused entirely by particles of sputum 
expectorated by the patient and visible to the naked eye is 
erroneous. It follows from these experiments that the wearing 
of masks and the proper covering of any surface of the skin 
where fresh abrasions are present are important, personal, pro- 
phylactic measures against plague infection. It also follows 
that the eyes should be protected against this manner of'con- 
junctival infection by proper glasses. 

Articles of clothing worn in the wards should be sterilized 
immediately after removal, since plague bacilli may be present 
even though no particles of sputum may be visible upon them. 

From these experiments, also, it is evident how dangerous 
an infective agent à pneumonic-plague patient is. In no other 
disease is the individual so dangerous and in no other disease 
does the danger from droplet infection approach that which 
exists in pneumonie plague. The number of plague bacilli ex- 
pelled in droplets from pneumonic-plague cases is probably far 
greater than the number of bacili ever expelled by patients 
afflicted with tuberculosis, eroupous pneumonia, diphtheria, or 
influenza. 


MANNER OF SPREAD OF THE DISEASE DURING THE EPIDEMIC. 


During the epidemic the disease was evidently spread directly 
from man to man by droplet infection and by the more or less 
intimate contact of healthy individuals with an infected person. 
Whatever may have been the primary source of the epidemic, 
its dissemination occurred entirely independently of tarbagans, 
rats, donkeys, or any other animals. 

The disease was introduced into uninfected villages and towns 
by the importation of individuals infected with pneumonie plague 
or by those in the incubation period of this disease. No definite 
bacteriological evidence, that healthy carriers of the disease 
with plague bacilli in their sputa existed during the epidemic, 
has been produced. We had opportunity to examine two healthy 
individuals who were supposed to have given rise to the disease 
in other persons but who themselves remained healthy. We 
were unable to demonstrate any plague bacilli in their sputum, 
and it was not infective for guinea pigs. 


*For evidence regarding dissemination by donkeys, see VIŅI, p. 225 of 
this report. 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION, 


Ill. INFLUENCE OF ATMOSPHERIC TEMPERATURE UPON THE 
SPREAD OF PNEUMONIC PLAGUE. 


By OSCAR TEAGUE AND M. A. BARBER. 
(From the Biological Laboratory, Bureau of Science, Manila, Р. I.) 


in Manchuria, during the winter of 1910 to 1911, pneumonic 
plague spread with such rapidity that within three months 
50,000 people died of the disease. Except toward the close of 
the epidemic, sanitary conditions were bad, the weather was 
bitterly cold, and quarantine measures were inadequately en- 
forced. In India, where sanitary conditions are, perhaps, equally 
38 bad, although there have been numerous isolated cases of 
pncumonic plague during the past fifteen years (from 2 to 5 
per cent of all plague cases), this type of the disease has not 
assumed epidemic proportions. 

Why was there a rapid spread of the pneumonie type of 
the disease in the one instance and a failure to spread in the 
other? The most obvious difference in the two instances is 
one of temperature, in the one case as low as 30? C. below zero 
as compared to 30° C. above zero in the other. Can the failure 
of pneumonic plague to spread in India be due to the high tem- 
perature that prevails in that country? If we consider only 
the direct action of the high temperature upon the plague bacilli, 
this question must be answered in the negative; for the optimum 
temperature for the cultivation of the plague bacilli upon arti- 
ficial media is 80° C., which is approximately the temperature 
to which they would be subjected in India. We believe, however, 
that indirectly the temperature of the atmosphere is a factor of 
vast importance in the spread or failure to spread of pneumonic 
plague. 

It is quite generally accepted that infection in pneumonie 
plague is due to the inhalation of plague bacilli and, as plague 
bacilli are readily killed by drying, it is fair to assume that 
infection is due to the inhalation of moist bacilli—the so-called 
“droplet infection.” In plague pneumonia, the mucous mem- 
branes of the bronchi, trachea, larynx, and mouth are covered 
with enormous numbers of plague bacilli. 16 follows that such 

157 


158 TEAGUE AND BARBER. 


2 patient in coughing throws out droplets of sputum which must 
contain plague bacilli: Strong and Teague* demonstrated that 
this does in fact occur. Petri dishes, containing solidified agar- 
culture-medium, were held before the mouths of coughing plague 
patients, and, even when no visible particles of sputum appeared, 
colonies of plague bacilli developed on the plates. Granted that 
infection is due to the inhalation of droplets of sputum con- 
taining plague bacilli, it follows that the longer these droplets 
remain suspended in the air, the greater the danger of infection. 

These droplets may disappear from the air in the immediate 
neighborhood of the patient in three ways; namely, (i) by 
evaporation, (2) by settling, and (3) by being borne away by 
currents of air. 

The rate of evaporation depends chiefly upon the water deficit 
of the atmosphere. Under ordinary conditions this is far greater 
in warm weather than in cold and hence, ordinarily, evaporation 
of droplets of moisture in the air will take place far more rapidly 
in warm weather than in cold. At 4° C., with a maximum of 
moisture in the air, the water vapor has a pressure of only 
6.0 millimeters of mercury; hence, even if the atmosphere were 
absolutely dry at this temperature, the water deficit would be 
small and evaporation would take place very slowly. : 

At 30° C., with a maximum of moisture in the air, the pressure 
of the water vapor amounts to 31.5 millimeters. With 70 per 
cent of moisture in the air, there would still be a greater water 
deficit (9.4 millimeters of mercury) than in a perfectly dry 
atmosphere at 4° C. Ina cold climate, with snow on the ground 
and a rise of several degrees in temperature during the middle 
of the day, the water deficit of the air would be approximately 
zero during the greater part of the twenty-four hours. These 
were the conditions in Manchuria during the recent epidemic 
of pneumonic plague; hence there must have existed a very low 
water deficit in the air and little tendeney for the droplets of 
sputum to disappear by evaporation. In India, on the contrary, 
with a temperature ranging around 30° C., there is usually a 
large water deficit in the air and hence the droplets of sputum 
would tend to disappear quickly by evaporation, thus leading 
to the death of the contained plague bacilli by drying. 

According to eurves given in the Report of the International 
Plague Conference, the temperature at Harbin during the course 
of the epidemic ranged between —9? C. and —82° C. and the 
humidity between 61 and 92. At —10° C., the vapor tension 


? See IF, p. 137 of this report. 


INFLUENCE OF ATMOSPHERIC TEMPERATURE. 159 


of water is 2.09 millimeters of mercury and at —20° С., it is 
0.92 millimeters. Hence, with an average humidity of about 
80, the water deficit of the air at Harbin during the epidemic 
would be represented by from 0.4 to 0.2 millimeters of mercury. 
Under these circumstances, evaporation could take place only 
with extreme slowness. 

In India, with a temperature of --30? and a humidity of 70, 
the water deficit of the air would be represented by 9.46 milli- 
meters of mercury. In other words, evaporation would take 
place from twenty-five to fifty times more rapidly in India than 
in Harbin. 

During the plague epidemics of both India and Manchuria, 
the fact that the poor people were much overcrowded in their 
living quarters undoubtedly hastened the spread of the disease. 
In Manchuria, on account of the bitterly cold weather, the doors 
and windows of the overcrowded houses were kept tightly closed. 
Under these circumstances, another factor is introduced of 
perhaps no small importance in its bearing upon the rate of 
disappearance by evaporation of droplets of sputum in the air; 
namely, the moisture in the expired air. In the cold, the moisture 
from the breath of the inmates of an overcrowded room would 
quickly saturate the air and reduce evaporation to a minimum, 
whereas the air of a similar warm room could take up large 
quantities of moisture without becoming saturated, 

The following hypothetical case will illustrate the point in 
question, Let us assume that there are 10 men in a room 4 
meters by 4 meters with the ceiling 4 meters high and that the 
room is without ventilation. If the air of the room had a 
humidity of 50 and a temperature of 30? C., it would become 
saturated after about four hours, for the room contains 64,000 
liters of air. The expired air, which has a temperature of 
37° and is saturated with moisture, totals about 4,800 liters 
per hour. The vapor pressure of air saturated at 37? is 46.7 
millimeters of mercury, and of half-saturated air at 30? it is 15.7. 
Therefore, the men would have to breathe ii or approximately 
one-third of the air of the room in order to cause saturation 
of all of it. This would require $ of “97 or about four hours. 

If the air of the room had a humidity of 50 and a temperature 
of 8° C., the men would have to breathe 45 or approximately one- 
twelfth of it in order to produce saturation, and this would require 
тъ of “es or approximately one hour. Hence the air of the room at 
the lower temperature would become saturated in about one- 
fourth of the time required at the higher temperature. 
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Furthermore, the overcrowded rooms in a warm climate would 
in reality be thrown open and the moisture of the expired air 
would be consequently more or less rapidly dissipated, whereas 
in the cold climate conditions would approximate the hypothe- | 
tical case at 8° C. just cited; hence the difference in the rate 
of evaporation of droplets in the air due to overcrowding in 
cold and in warm climates respectively would be, in fact, greater 
than is indicated by the figures in the hypothetical case just 
described. 

The surface tension of water at 4° C. is 74.9, and at 30° C. 
it is 71.08. The surface tension being greater at the lower 
temperature, with the same amount of water deficit, evaporation 
would take place more slowly there than at the higher teni- 
perature. This is, therefore, an additional factor which would 
tend to cause droplets of pneumonic sputum to persist longer 
in the air in a cold climate than in a warm one. However, 
it is a factor of far less influence than the water deficit of the 
air and hence deserves no further discussion. 

It seems highly probable that plague bacilli in suspended 
droplets of sputum would survive much longer at a low tem- 
perature than at a high one, even were the water deficit of the 
air the same in both cases; or, in other words, that with the 
same rate of drying, the bacilli would remain alive longer at 
low temperatures than at higher ones. This would, then, be 
also an important factor in causing pneumonic plague to spread 
more rapidly in cold climates than in warm ones. 

lt is noteworthy that the only large epidemic of pneumonic 
plague in India of whieh we have a reeord occurred during 
cold weather in Kashmir in the winter of 1903 о 1904. The 
epidemic is described by A. Mitra,? who stated that it lasted 
from November, 1903, to August, 1904, “but the virulence was 
only from December to March." “In the districts there were 
altogether 1,448 cases with 20 recoveries. The recoveries being 
bubonic cases, which were seen at the end of the epidemic.” 
We judge from these statements that the epidemic of pneumonic 
plague lasted from December till March. Mitra says: 

The conditions of life in these villages during the month of January and 
February were extremely unfavorable. Everything round was frozen. 

The Indian Weather Review shows that Srinagar, which was 
the center of the Kashmir epidemic, had, during the month of 
December, 1903, a mean daily temperature of 36°.1 F. and a 


"Indian Med, Gaz, (1907), 42, 138. 
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mean humidity of 81°.0; during January, 1904, a mean daily 
temperature of 29°.1 F. and a mean humidity of 88°.0; during 
February, 1904, a mean daily temperature of 36°.0 F. and a 
.mean humidity of 85°.0.% 

Therefore the conditions were such that droplets of sputum 
suspended in the air would have had a tendency to evaporate 
to dryness only with extreme slowness. 

Gill* appears to have been the only investigator who has 
devoted especial attention to the epidemiology of pneumonic 
plague in India. He says: 

Pneumonic plague presents well-marked features as regards its time of 
occurrence, which cannot be considered altogether accidental and without 
significance. 

In the four epidemics of which I have notes the time of its first appear- 


ance was as follows: 
1905-1906 Epidemie (Sept—Sept.) Jan. 24th, 1906, 


1906-1907 d d Feb. 1st, 1907. 
1907-1908 ч А Dee. 13th, 1907. 
1908-1909 i i Oct. 10th, 1908. 


The last outbreak in the 1907-1908 epidemic was on March 16th, and 
in the two former epidemics this was noted as about the time of the last 
outbreak and its occurrence after April 1st has not been noted. 

The characteristic of pneumonie plague is therefore its occurrence at 
the early part of the plague season, during the months of January, Feb- 
ruary, and March, that is, while the epidemic is on the increase but before 
it has reached its maximum intensity. 

Thus, while in the Punjab, the time of maximum intensity is April and 
the beginning of May pneumonie plague is chiefly prevalent in February. 

But not only is this the case, but it exhibits the same features in regard 
to its time of occurrence in the individual epidemics in villages. 

For as was exemplified in regard to the typical case of Mokal it was at 
the commencement of the epidemic that it appeared and it lasted a com- 
paratively short time, being succeeded or replaced by a more prolonged 
bubonic outbreak. 

It is not easy to understand the reason for this, but it suggests that the 
organism of plague has acquired at this time an unusual or perhaps “ex- 
alted" degree of virulence which, however, it is not long able to maintain. 

1 am unable to give any figures showing the actual prevalence of the 
disease or even to roughly estimate the proportion it bears to the general 
epidemic. 

Judging from reports one reads it is probable that it varies in different 
parts of India, and it is my impression that it is commoner in the compara- 
tively cool climate of the Punjab than in the warmer and moister parts 
of India. 


* These data are taken from observations made at 10 a. m. and 4 p. m: 
The 8 a. m. temperatures and humidity for the same months are: Dec., 
1903, 28*.9 and 92°.0, respectively; Jan., 1904, 28°.4 and 93°.0; Feb., 1904, 
33°.1 and 96°.0, 

‘Indian Med. Gaz. (1909), 44, 185. 
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That plague bacilli may be unable “to long maintain their 
unusual or perhaps exalted degree of virulence” by passage 
from lung to lung, as is suggested by Gill, appears to us to be 
highly improbable, since the experimental data at hand indicate 
that passage from lung to lung in susceptible animals is the 
method of choice and, perhaps, the only method of exalting the 
virulence of plague bacilli and maintaining the high virulence 
thus attained. 

The epidemiological observations of Gill possess, however, 
great interest with regard to the influence of atmospheric tem- 
perature upon the spread of pneumonic plague. He found that 
pneumonic plague occurred during cold weather and ceased when 
the warm weather began, in spite of the fact that the number 
of bubonic cases was still on the increase. Unfortunately, he 
did not publish his notes in sufficient detail for us to determine 
the atmospheric temperature and humidity which existed during 
his several epidemics, but as far as his observations go, they 
indicate that the atmospheric temperature was probably a factor 
of importance in the spread of pneumonic plague and the sup- 
pression of the epidemic. 

The only other epidemic of pneumonic plague of recent years 
of which we find a reliable record is the small one which occurred 
in Osaka, Japan, also in the cold season of the year, The first 
patient was taken sick on December 19, 1899. This case was 
quickly followed by twelve others, the last dying on January 
18, 1900. 

The above discussion has been confined entirely to pneumonic 
plague, but obviously the same ideas apply also to other pneu- 
monias. In other pneumonias, however, it is not unlikely that 
the dosage and virulence of the inhaled bacilli and the suscep- 
tibility of the host at the time of exposure are factors of far 
greater importance than in. plague pneumonia; hence, the in- 
fluence of atmospheric temperature on their spread would be 
more or less obscured by these other factors. 

We have endeavored to obtain experimental data confirmatory 
of the ideas advanced in the foregoing discussion. It was, of 
course, impracticable to perform actual experiments with plague 
bacilli sprayed into the air on account of the danger of con- 
tracting pneumonic plague. We, therefore, sprayed harmless 
bacteria and determined how they behave in the air under dif- 
ferent conditions, believing that the results obtained would 
justify us in drawing conclusions as to how plague bacilli would 
act under similar conditions. We selected for most of the ex- 
periments B. prodigiosus and a yellow sarcina obtained from the 
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air. Those organisms possess the following advantages for these 
experiments: (1) They are harmless, (2) their colonies on agar 
are readily recognized on account of the characteristic pigment 
production, and (3) they differ considerably i their resistance 
to death by drying, the prodigiosus being killed more readily 
than the sarcina. In a few experiments the cholera vibrio was 
used; this organism is much more readily killed by drying than 
is B. prodigiosus. The following experiment demonstrates the 
relative resistance to death by drying of the three varieties of 
bacteria just mentioned and of the plague bacillus. 


EXPERIMENT NO. 1. 


Suspensions in 0.5 per cent sodium chloride solution were made from 
fresh cultures of sarcina, B. prodigiosus, plague, and cholera. The sus- 
pensions were passed through filter paper with the exception of that of the 
sarcina, which was filtered through cotton. Carefully cleaned slides were 
sterilized in the hot-air sterilizer and allowed to cool to room temperature. 
Pledgets of cotton were soaked in the suspensions, squeezed out thoroughly, 
and quickly rubbed over the surfaces of a series of the sterile slides. The 
slides were placed at intervals face down upon solidified agar in Petri 
dishes and brought into close contact with the agar by gentle pressure. 
After the first few minutes had elapsed, the remaining slides of the series 
were placed face down upon a sterile wire-netting frame in a box which 
was covered with a sheet of blotting paper. This was done to reduce the 
number of contaminating air-organisms upon the slides which were ex- 
posed for long intervals. 

Each slide was left upon the agar for an hour or longer and then moved 
back and forth a few times over the surface and finally transferred to a 
second Petri dish. It remained in the second Petri dish overnight and was 
then removed. The number of colonies that developed on the first plate 
fave an indication of the number of bacteria that were alive on the slide, 
but the second plate merely furnished information as to whether or not 
living bacteria were present. 

The result of one such experiment will be recorded in full. 


Cholera suspension on slide. 
(1,200,000,000 per eubic centimeter.) 


Time 


охоте |PlateNo.l| Plate No. 2. 


1,000 Positive. 


5 Positive. 
o Negative. 
° Negative. 
0 | Contaminated. 
0 Negative. 
0 Negative, 
0 Negative. 
o | + Negative. 


е 
H 
EH 


5 
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Plague suspension on slides. 


(300,000,000 per cubic centimeter.) 


Time |plateNo.i| Plate No. 2. 


exposed. 
| ¦ Colonies. 
| Atene | 8,000 Positive. 
i im | 
1 1,000 
Н 2 100 Positive, 
5 0 Negative. 
10 о Negative. 
15 0 Negative. 
21 0 Negative. 
зо П Negative. 


Prodigiosus suspension on slides. 


(278,000,000 per cubic centimeter.) 


| 
osca, Plate No li Pinte No. 2, 


exposed. 
Colonies, 

At once. 1,000 

Hrs.min, 
о 15 6 . 
о 30 o 
0 45 ° 
10 1 
1359» 0 
2 0 0 
2 30 0 
3 0 0 
$ 30 0 
4 0 0 
4 m 0 


Sarcina suspension on slides. 


(3,000,000 рег саМе centimeter.) 


Ц 
Time, ‘Plate No. L| Plate No. 2. 


exposed. 
Colonies. 

At once. m Positive. 
Hours. 

1 s% | Positive. 

í 2 400 Positive, 

3 115 Positive. 

4 "n Positive. 

5 23 Positive. 

6 9 1 colony, 


20 0 Negative. 
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This experiment was done in a large room with the doors and 
windows closed. The bacteria upon the slides were exposed to 
diffuse daylight during the first few minutes and were then 
placed in a covered box. The temperature of the room ranged 
between 32°.5 and 33°.6 Centigrade and the dry-bulb thermom- 
eter registered about five degrees lower than the wet-bulb one. 

This experiment indicates,-as do several other similar ones 
that we have done, that the plague bacillus occupies an inter- 
mediate position between cholera and prodigiosus with regard 
to its resistance to death from drying. Sarcina is much more 
resistant than the other organisms. 

Having determined the relative resistance to death by drying 
of sarcina, В. prodigiosus, and cholera vibrio when spread in a 
thin layer upon glass slides, we next planned an experiment to 
find the result with these same organisms when contained in fine 
droplets of saline solution suspended in the air. 


EXPERIMENT NO. 2. 


Fresh cultures of the bacteria were suspended in 0.5 per cent sodium 
chloride solution, the cholera suspension being made thicker than the 
prodigiosus and the latter thicker than the sarcina; The spraying was 
done by means of an ordinary throat atomizer connected by' rubber tub- 
ing with 4 double cylinder force-pump such as is used for filling automobile 
tires. The spray was directed during a period of half a minute toward 
all parts of a chemical hood, measuring 175 centimeters long, 80 centi- 
meters deep, and about 2 meters high. Paper had been previously pasted 
over all cracks in the hood, and arrangements had been made for sliding 
a Petri dish into the hood over moist blotting paper by opening a small 
orifice for only two or three seconds. 

The cholera suspension was sprayed first and plates were exposed in the 
hood at intervals until we judged (from preliminary experiments) that 
all the living cholera vibrios had disappeared from the air. The hood 
was then thrown open and about fifteen minutes later a similar experiment 
was performed with the prodigiosus suspension. Then the hood was again 
left open for a while and finally the experiment with sarcina was done. 
Each Petri dish containing solidified agar-culture-medium was left in the 
hood for a period of two minutes. 


* The prodigiosus suspension was shown by plating out in agar to con- 
tain 120,000,000 organisms per cubic centimeter, the sarcina suspension, 
33,000,000; the number per cubic centimeter in the cholera suspension was 
not determined. 
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Through the glass door of the hood, readings were made from the wet- 
bulb thermometer as follows: 


i 1 
Dry-bulb ' Wet-bulb Difference. 


‘Time. | thermometer. thermometer. 


9.278 to 9,98. Cholera suspension 
| sprayed. 
| 940] — 9c. 28.20. 
| as 30.2 299.6 
954 | 0006 1 — T 


10.10} 1010. 11. Prodigiosus suspen- |. 
sion sprayed. 


10615 | 309.0 C. 287,2 C. 
10.20 309.4 280.4 
10.33 20°, 65 28°, 65 

и. 30°.8 280, 95 
11.43} to 11.44: Sarcina suspension 

sprayed. j 

11.43 30.30.] 280.60. 
1.57 302, 28.8 
12.09 312,05 239.0 
2.55 319.8 30.8 


The results of this experiment are recorded in Table I. 


TABLE L—Results of spraying suspensions. 


Cholera, Prodigiosus | Sarci 
suspension. | suspension. suspension. 


Time after 
spraying, 


1 
ji 
Hrs. min. | Colonies. | Colonies. 


о + к 260,000 į 
3 67, 000 
6 S 47,000 
9 9 | 4,900 
12 0 | 2,700 
0 
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It is seen from the table that, when sprayed into the air under 
similar conditions, living cholera vibrios disappear from the air 
in about six minutes and living prodigiosus bacilli in about twenty 
minutes, whereas sarcina remains alive for more than three 
hours. There is a striking similarity shown by these organisms 
in their relative resistance to drying on glass slides and their 
persistance in the air when contained within fine droplets of 
saline solution. It would seem, therefore, that had plague bacilli 
been sprayed’ under similar conditions, the living ones would 
have disappeared from the air between six and twenty minutes 
after spraying. 

This similarity in the behavior of the organisms on the slides 
and in droplets strongly suggests that also in the latter instance 
the disappearance of the living bacilli from the air is due to 
death from drying. If this were true, then if we were able to 
retard the evaporation of the water of the fine droplets, the living 
bacteria should remain in the air for a longer time. The most 
obvious method of retarding the evaporation of the fine droplets 
is to spray them into an atmosphere saturated with moisture, 
The following experiment was therefore carried out. 


EXPERIMENT МО. 3. 


The chemical hood used in the previous experiment was also employed 
for this one, but sheets of dry blotting paper were tacked against the walls 
and strips of cloth were tacked to the ceiling and allowed to hang down 
to within about 60 centimeters of the floor of the hood. A suspension of 
cholera vibrios in 0.5 per cent sodium chloride solution was sprayed into the 
dry hood, and Petri dishes were exposed for periods of two minutes each at 
intervals of three minutes until we could assume (from previous experi- 
ments) that living cholera vibrios were no longer present in the air. The 
entire interior of the hood was then thoroughly sprinkled with water and 
the cloths and sheets of blotting paper were also made soaking wet. After 
the wet hood had been kept tightly elosed for some time, the same cholera 
Suspension was sprayed into it for the same length of time as before; this 
time, however, the pump was placed in a tin vessel which was covered with 
towels soaked in hot water, so that the air going into the hood with the 
spray would contain more moisture. Plates were exposed as before for 
one hour. Then water was again sprinkled over the interior of the hood 
and a suspension of sarcina in 0.5 per cent sodium chloride solution was 
sprayed and followed a minute later by the same suspension of cholera 
that was used for the previous sprayings. Plates were exposed for three 
and one-half hours. 
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Temperature readings were made through the glass doors of the hood 
as follows: 


j 
Time. © Мьшдан. tharicometer,[Diferenes. 
10. 51% to 10.52. Cholera suspension 
sprayed. 
Г 10.58 а, т. 30.6 C. 28538 C.| 23C, 
12.02} to 12.08. Cholera suspension | 
mem 
12.88 p. m. 319.0 С. 9.90. | 01 
1,43 to 1.43}. Sarcina suspension 1 
sprayed. 
1.44} 101.45. Cholera suspension i 
sprayed. i 
1.50 p. m. 319.95 C. 319.3 C. 0.05 
2.00 p.m. | 30,81 31°.26 0.05 


The results of this experiment are shown in Table H. 


TABLE IL—Results of spraying experiments. 


| Cholera | Cholera | Wet hood. ! 
Time after Er) suspension | 
spraying. agg |" hoods | Cholera. Sarcina. 
Hrs, min. | Colonies. | Colonies. | Colonies. | Colonie. 
о 4| 2,000 | 130,00 | Innumerable. | 104,000 
3 10 | 33,000 3400 | 31,000 | 
E о | 2400 4,700 | 25,00 
9 0 2,600 1800 1 13,000 
12 o 470 i19 ^ 7,00 
16 о 220 300 6,00 | 
18 0 38 20 3,00 | 
18 s | 240 
| 8 13 2,800 
i 2 8 1,600 
o sj о 
9 o 1,000 
0 o 900 i 
° ° 600 
° [ui 360 
0 135 
9 0 86 
20 о E 
0 0 16 
| 20 0 1 
! i 


In the dry hood the living cholera vibrios had all disappeared 
from the air six minutes after the spraying was discontinued, 
whereas in the wet hood living cholera vibrios were present 
after twenty-seven minutes. The wet- and dry-bulb thermom- 


INFLUENCE OF ATMOSPHERIC TEMPERATURE. 169 


eters showed that the air of the wet hood was nearly saturated 
with moisture, and hence evaporation of suspended droplets of 
water must have been reduced almost to the minimum. There- 
fore, we are justified in concluding that the extremely rapid 
disappearance of the living cholera vibrios in the dry hood is due 
to the rapid evaporation of the suspended droplets of saline 
solution which leads to the death of the contained cholera vibrios 
from drying. 

The last part of the experiment shows conclusively that the 
rapid disappearance of living cholera vibrios is not due to 
settling or removal through air currents, for droplets containing 
cholera vibrios and those containing sarcina were subjected to 
identical conditions and yet living sarcinz were present in the 
air long after the cholera vibrios had disappeared. The sarcina 
being a larger organism and having a greater tendency to remain 
in clumps would settle out more rapidly than the cholera vibrio. 
It remained alive in the air longer than the cholera vibrios 
because of its greater resistance to drying. A similar experi- 
ment was performed with B. prodigiosus. 


EXPERIMENT NO. 4. 


A fresh culture was suspended in 0.5 saline solution and passed through 
filter paper. When. plated out this suspension was found to have contained 
about 100,000,000 organisms per cubic centimeter, 

The same suspension was sprayed for the same length of time into 
the dry hood, the wet hood, and into a cold storage room the temperature 
of which was about 18° C. 

The temperature of air in the hood was read as usual through the glass 
door. 


F 
Dry-bulb | Wet-bulb || pitrerence.|, 


Time. | thermometer. | thermometer. 


a.m. 
9.47} to 9.48, Prodigiosus suspen- |. 


Н 
sion sprayed. 


9.55 399.5 С. 29.2 С. 13 
20.12 312.1 29.0 21 
no 31.2 29°, 25 1.95 
Pm į 
12,05} to12,08. Prodigiosussuspen- |... 
sion sprayed, i 
12.20 310.30. 31.20. 0.1 
| 12.50 319.3 310.25 0.05 
1.60 31.52 312.42 0.1 
20i зәт 319,6 0.1 


3.40 310,8 Eu 1 $ 
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In the cold storage room the spraying continued from 10.553 to 10.56 a. m. 
The temperature of the room was as follows: At 11.02, 20*C.; at 11.30 a. m., 
19°; at 12.35, 18°. Then it remained at 18° until the end of the experiment. 


TABLE IIL— Showing growth of colonies. 


| 4 B 
: B. prodigio-| igiosus £ prodigio 
Tuer | s in dey ret ш. | 32 im cold | 
" E | | 
His, min. | Colonies. i Colonies, Colonies, 
o 1 78,000 | Innumerable, ; 44,000 
© 5 | 8500 | Innumerable. | 37,000 | 
о 101 10,00 130,000 į 19,000 | 
о 20 170 51,000 | 950 | 
о 30 1 22,000 ; 6,000 | 
ром | ° 1500 | 4.500 
i o i 2 $59 | 85% 
з 0 ° 7,000 3,000 | 
1 0 0 4,000 2,000 
1 20 2,000 
1 3 1400 | 
1 40 1,300 
1. 9 900 
| 2 0 750 
| въ 450 
| а 30 300 
2 45 350 
з 0 200 
3 15 150 
з 3 150 
з 45 125 
Me Де со: » 
L за 


As with the cholera vibrios so also in Ше case of В. prodigiosus 
there is a striking difference in the length of time that the bacilli 
remain alive in a dry and in a moist atmosphere. In the cold 
room the bacilli remain alive in the air even longer than in the 
wet hood. Unfortunately, the humidity of the cold room during 
this experiment was not determined. 

It was, therefore, necessary to perform the following ex- 
periment. The same suspension of B. prodigiosus was sprayed 
for one-half a minute into a moist hood and into a cold storage 
room, and Petri dishes containing solidified agar were exposed in 
both places for periods of two minutes each at intervals of four 
hours. In the cold room the dry-bulb thermometer registered 
12° C. and the wet-bulb one about 10°.5 C. throughout the 
experiment. In the hood the dry-bulb thermometer varied be- 
tween 31.1 and 81.5 and the wet-bulb one registered about 0°.2 
below the dry one. It is clear that the water deficit of the 
atmosphere was greater in the cold room than in the hood. The 
result of this experiment is recorded in Table IV. 
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TABLE IV.—Showing growth of colonies. 


Time after | В. prodigiosus 
spraying. | in moist hood. 


Colonies. 
1 | Innumerable. 
5 280,000 


o 
o 
0 
0 
0 
0 
0 
1 
1 
1 20 
1 
1 
2 
2 
2 
2 
3 
3 
a 
E 


4 0 °| 


| 
| 
| 


Tn spite of the fact that the water deficit of the air of the cold 
room was greater than that of the hood, the bacilli remained 
alive longer in the cold room. The only interpretation of this 
result is that B. prodigiosus resists death from drying longer 
at low temperatures than at high ones, even when the rate 
of drying is the same in both instances, It seems highly prob- 
able that this is also true of the plague bacillus; if so, the 
bearing of the phenomenon is an additional factor in the longer 
persistence of living plague bacilli in droplets of sputum, and 
hence upon the more rapid spread of pneumonic plague in cold 


climates is obvious. SUMMARY. 


It is shown that when spread on glass slides and exposed to 
the air, plague bacilli occupy an intermediate position between 
the cholera vibrio and B. prodigiosus with regard to resistance 
to death from drying. Sarcina resists much longer than B. 
prodigiosus. When suspended in saline solution and sprayed 
into the air, the living cholera vibrio disappears with surprising 
rapidity, B. prodigiosus persists for a longer time, and sarcina 
much longer than B. prodigiosus. The relative length of time 
that these organisms remain alive when sprayed into the air 
agrees strikingly with their survival on glass slides. "This sug- 
gests that their disappearance from the air is also due to death 
from drying. 
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This was shown to be in fact the case by spraying the same 
cholera suspension into a comparatively dry atmosphere and 
then, under similar conditions, into an atmosphere nearly satu- 
rated with moisture; living cholera vibrios remained in the air 
much longer in the latter instance. A similar experiment was 
performed with B. prodigiosus with the same result. 

By spraying sarcina and immediately thereafter cholera 
vibrios, so that the droplets containing these organisms were 
subjected to identical conditions, living sarcina was found to 
persist in the air long after the living cholera vibrios had dis- 
appeared. Since the sarcina is a larger organism than the 
cholera vibrio, it follows that the disappearance of the latter was 
not due to settling. 

We believe we are justified in concluding from these experi- 
ments that were the plague organisms sprayed under similar 
conditions they would persist longer than cholera vibrios, but 
a shorter time than prodigiosus bacilli. Hence, it seems probable 
that the plague bacilli contained in fine droplets of pneumonic- 
plague sputum would suffer death from drying in a few minutes 
unless they were suspended in an atmosphere with an extremely 
small water deficit. Infection in pneumonie plague follows the 
inhalation of droplets of pneumonie sputum and obviously the 
longer these droplets remain suspended in the air, the greater is 
the danger of infection. As has just been stated, these fine 
droplets disappear very quickly except when they are suspended 
“in an atmosphere with a very small water deficit. Such an 
atmosphere is under ordinary circumstances of common occur- 
rence in very cold climates, whereas it is extremely rare in warm 
ones. Hence, since the droplets of sputum persist longer, the 
plague bacilli remain alive longer in the air, and there is a 
greater tendency for the disease to spread in cold climates than 
in warm ones. 

In harmony with the above ideas, we find that the only great 
epidemic of pneumonie plague of modern times occurred in 
Manchuria during the winter of 1910 to 1911, when the atmos- 
рһегіе temperature was many degrees below zero Centigrade. 
The disease spread with amazing rapidity. Furthermore, al- 
though during the past fifteen years there have been millions 
of plague cases in India and 2 to 5 per cent of these have been 
cases of plague pneumonia, yet this form of the disease has not 
assumed epidemic proportions. The largest epidemic of pneu- 
monic plague in India (1,400 deaths) occurred in Kashmir in 
northern India at an elevation of 1,524 meters above the sea level 
during very cold weather. 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION. 


IV. PORTAL OF ENTRY OF INFECTION AND METHOD OF 
DEVELOPMENT OF THE LESIONS IN PNEUMONIC 
AND PRIMARY SEPTIC/EMIC PLAGUE: 
EXPERIMENTAL PATHOLOGY. 


By RICHARD P. STRONG AND OSCAR TEAGUE. 
(From the Biological Laboratory, Bureau of Science, Manila, P. I.) 


For the purpose of studying experimentally the question of 
the portal of entry of the organism and the method of the 
development of the lesions in pneumonie plague, animals were 
placed in closed glass cages, and agar-cultures of virulent 
pneumonic strains of the plague bacillus suspended in saline 
solution were sprayed for a period of from about two to three 
minutes into the surrounding air which they breathed. Thirty- 
four normal guinea pigs and 55 normal monkeys were so infected 
with plague bacilli, and all succumbed to plague infection, The 
animals were necropsied in each instance, and the lesions present 
observed and studied. It would be very tedious to record here 
the individual necropsy reports, since the lesions found were so 
often similar. Therefore, only a general description of the 
lesions will be undertaken, and the different types of lesions 
emphasized. я 

In the guinea pigs so infected, the following changes were 
encountered at necropsy. In general there was marked evidence 
of plague infection about the cervical and laryngeal tissues. 
The subcutaneous tissues showed extensive oedema, and there 
was swelling of the cervical lymphatic glands and of those about 
the trachea. Usually the glands were not only swollen but 
more or less hemorrhagic and presented the appearance of small 
early buboes. Throughout the body marked evidences of sep- 
ticemia were usually present. There were frequently extensive 
hemorrhages: in the intestinal wall The spleen sometimes 
showed the typical changes encountered in bubonic-plague in- 
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fection with miliary abscesses. Distinct evidences of pneumonia 
were present in only about 23 per cent of the guinea pigs. 
Plague bacilli were frequently not very abundant in the lungs, 
unless pneumonie areas were encountered, but were always 
present in the heart’s blood. The lungs were sometimes red- 
dened, congested, and cedematous, and sometimes contained 
hemorrhagic infarcts. Small areas of primary bronchial 
pneumonia were encountered in some of the cases, and in one a 
whole lobe of the lung showed рпептопіс engorgement. In two 
instances either red or early gray hepatization was present. 
Numerous miliary abscesses were occasionally encountered in 
the lungs. (See Plate VII.) The areas of bronchial pneumonia 
were firm, contained no air, and were usually irregular in outline 
and red, reddish yellow, or yellow in color. On cut section they 
were sometimes wedge-shaped. In those instances in which 
hemorrhagic infarcts, miliary abscesses, and in addition reddish- 
yellow or yellow areas of lobular pneumonia are present (see 
Plate VII), we must conclude that the infection of the lung is 
secondary, and that in these instances we are not dealing with 
` primary pneumonic plague, in which infection enters through 
the bronchi, but with secondary infection of hemotogenous 
origin. Such a conclusion is supported by the microscopical 
study of these lesions. A section of the lung in the vicinity of 
one of the hepatized areas, pictured in Plate VII, shows the 
bacteria in very large numbers both about and within the small 
blood vessels, and in places infarctions have occurred ; numerous 
hemorrhages from the vessels have also taken place; in the 
neighborhood of the pneumonic areas the bacteria are also plenti- 
ful in the lung alveoli and in the perivascular spaces, 
Therefore, these changes suggest that the primary point of 
infection did not always occur in the bronchi or alveoli of the 
lung. From a study of ай the lesions in guinea pigs, it would 
appear that these animals, under the conditions of the experi- 
ments in which the spraying was carried on, did not frequently 
develop primary plague pneumonia, but that infection occurred 
through the mucous membranes of the mouth and throat, result- 
ing in a general septicemia generally preceded by the formation 
of early buboes of the cervical glands and sometimes followed 
by the development of secondary areas of plague pneumonia. 
It would appear that in guinea pigs, either on account of too 
Shallow respiration or the small size of the larynx and trachea, 
the bacteria are not so likely to penetrate to the smaller bronchi 
by means of the inspired air. Instead, they are apparently 
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deposited largely upon the mucous membranes of the mouth and 
throat. 

The experiments performed on monkeys seem to throw much 
more light upon the mode of. pneumonic-plague infection in man. 
The lesions in 55 monkeys infected by Spraying were studied at 
necropsy. There was a marked similarity in general in the 
pathological changes encountered. In practically all of the 
animals there was absence of any sign of plague infection about 
the cervical tissues. The submaxillary and cervical lymphatic 
glands and those about the trachea were not swollen, nor was 
there any cedema of the cervical tissues, as was practically always 
seen in the experiments with guinea pigs. In none of the cases 
examined did the tonsils show evidence of primary disease, though 
in a number of instances they were sectioned and stained. In 
some instances they were moderately congested. Plague bacilli 
Were scanty in them and when present were not more numerous 
than in the heart’s blood and never so numerous as they were 
in the lungs or spleen. 

There was frequently cedematous fluid in the trachea, and in a 
few cases the trachea was slightly reddened. The larynx and 
vocal cords were not as a rule injected. There was not such 
marked evidence of septicemia as seen in the experiments with 
guinea pigs, but plague bacilli could always be recovered from the 
heart’s blood by culture. No hemorrhages were noted in the 
intestines and omentum. The spleen and liver showed no miliary 
abscesses. There were no cervical, axillary, nor inguinal buboes. 
The lungs showed primary pneumonic changes in every case. 
There was always much edema. In those animals which suc- 
cumbed a shorter time after infection, the lobular type of pneu- 
monia was much more frequently encountered. In those which 
survived a longer period, whole lobes of the lung usually showed 
pneumonia. The progress of the lesions is well shown in Plate 
VII, figs. 2 and 8. The process evidently begins as a lobular 
bronchial pneumonia. By the fusion of а number of the areas 
of lobular pneumonia, the whole Iung may become involved. 
The large pneumonic areas were either in the stage of engorge- 
ment or of red or early gray hepatization. In a number of 
cases a pleuritic exudate was observed over the hepatized areas. 
In no case were miliary abscesses observed in the lungs. In 
the cases with the early lesions, the plague bacilli were always 
most numerous in the lungs, and in section were found in greatest 
profusion about the bronchioles, in the peribronchial lymph spaces 
and alveoli, and beneath the pleura. In some instances the cells 
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lining the alveoli appear normal even when they contain large 
numbers of bacilli. Although the blood vessels between the 
lobules and septa were dilated, and hemorrhages sometimes 
occurred, practically no bacteria were found within them. 
From these observations, it is obvious that the infection in 
monkeys occurred by inhalation and resulted in primary plague 


pneumonia. 

It also is evident that in some instances in which monkeys 
are exposed to infection by inhalation, the primary point of 
infection may be not only the lungs, but also the mucous mem- 
branes of the mouth and throat. That plague infection may 
occur through the mucous membranes of the mouth and throat 
alone in monkeys was demonstrated by placing a small quantity 
of plague bacilli upon the posterior portion of the throat by 
means of a glass rod. The following experiments are given as 
examples of such infection. 


EXPERIMENT I. 


Monkeys Nos. 5882, 5883, and 5884 were all infected in the following 
manner on November 7. 

A necropsy was performed upon monkey No. 5876 which had just died 
of experimental pneumonic plague and a portion of the pneumonic lung was 
cut into small pieces in a Petri dish. A glass rod with the end rounded 
in a flame was dipped into the cedematous fluid in the Petri dish and passed 
over the tongue and rubbed against the pharynx of each of the three monkeys 
(Nos. 5882, 5883, 5884). The monkeys held their tongues so that the glass 
rod was squeezed between the soft palate and the tongue and most of the 
material on the rod was evidently caught there. АП three of the monkeys 
were treated in the same way and then the rod was dipped into the same 
fluid and touched to the shaved skin of a guinea pig as a control. The 
control guinea pig, No. 5885, died November 14, seven days after, with 
typical lesions of plague. 

Monkey No, 5882 was found dead on Nov. 18, six days after infection. 
Necropsy: The superficial cervical glands are swollen on both sides. Both 
submaxillary glands are swollen and hemorrhagic. The changes are more 
marked on the left side. The deep cervical glands on both sides are also 
swollen and hemorrhagic; the process is more advanced on the left side. 
The axillary lymph nodes are also swollen and hemorrhagic. The lesions 
in these glands are more marked on the right side. The tonsils on both sides 
are swollen and reddened. The larynx shows slight injection. ‘The trachea 
contains a small amount of pale, frothy fluid; its mucosa is not injected. 
The bronchial lymph nodes at the bifurcation of the trachea are very small. 
There is no evidence of pneumonia in either lung. The spleen is much 
swollen and very soft. Smears from the spleen and blood show innumerable 
plague bacilli. Smears from the cervical and axillary glands show very 
numerous plague bacilli, Smears from the lung show fair numbers of 
plague bacilli. Sections of the tonsils show no evidence of primary plague 
infection and but few bacilli. 
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Monkey No. 5883 was found dead on November 15, eight days after 
infection. Necropsy: The tonsils are pale; they contain few pest bacilli 
and many cocci. The submaxillary, deep cervical, and axillary glands are. 
small and deep red in color. A gland at the bifurcation of the bronchi 
is enlarged and reddish black in color and contains many plague bacilli. 
The pharynx and larynx are slightly reddened. The trachea contains some 
pale, frothy fluid. The lungs are pale and show no pneumonic areas. 
Cultures made. The spleen is enlarged, deep red, firm, and contains large 
MIS of plague bacilli. The blood also contains large numbers of plague 
bacilli. 

Guinea pig No. 5902 inoculated with the spleen of monkey No. 5883. 
Died in four days with large numbers of plague bacilli in its spleen and 
with well-marked buboes. 

Guinea pig No. 5901 inoculeted with the lung of monkey numbered 
$883. Died in seven days with large numbers of plague bacilli in its spleen 
and with weil-developed buboes. 

Monkey No. 5884 was found dead on November 14, seven days after infec- 
fion. Necropsy: (By Dr. Crowell.) The tonsils and pharynx are consider- 
ably reddened and covered with frothy fluid. The tonsils are small and pale, 
show no hemorrhages, and are probably not enlarged. The submaxillary 
glands are slightly enlarged and deep red. The deep cervical glands are 
somewhat enlarged and deep red, redder than the submaxillary. The glands 
in both axilla are enlarged and hemorrhagic, those in the left being larger 
than in the right. A gland at the bifurcation of the trachea is small, but 
deep red in color. The larynx and trachea are slightly reddened throughout 
their extent and contain abundant frothy, slightly blood-tinged fluid. The 
lungs show on the surface only a few small red areas. No pneumonia is 
present. On section, the cut surface is dark red and very moist. The 
spleen is enlarged and fairly firm. 


EXPERIMENT II. 


Culture No. 32 isolated from a pneumonic-plague case at Mukden 
was passed through a series of guinea pigs and a fresh culture from 
one of these passage guinea pigs was suspended in saline solution. 
A glass rod was dipped into this suspension and touched against the 
pharynx of three monkeys (Nos. 5927, 5928, 5929) as in the preceding 
experiment. The following necropsy reports show that the bacilli from 
artificial cultures brought about the same result as those inoculated directly 
from the pneumonic lung. 

Monkey No. 5927.—Bacillus pestis placed on mucosa of mouth December 
5. Found dead six days later. Necropsy: (By Dr. Crowell.) The axillary 
glands in the right axilla are slightly reddened, in the left they are pale. 
The tonsils show no visible change. There is no pneumonia present. The * 
spleen is somewhat enlarged. Smears from the heart show numerous 
bipolar organisms. -The spleen contains involution forms. The liver con- 
tains numerous bipolar organisms which are less numerous in the lungs 
than in the blood. 

Monkey No. 5928.—Bacillus pestis placed on mucosa of mouth December 
5. The animal died December 14. Necropsy: (By Dr. Crowell.) The 
tonsils, deep cervical, submaxillary, and axillary glands are only slightly 
swollen and reddened. The lungs are somewhat edematous and a little 
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reddened. There is no consolidation. The trachea is only slightly reddened. 
The spleen slightly, if at all, enlarged. Smears from the heart's blood show 
very numerous pest bacilli, while the organisms in the lung, liver, and 
spleen are numerous, 

Monkey No. 5929.—Inoculated on December 5, died on December 10. 
Necropsy: (By Dr. Crowell.) Smears from the spleen show very few, if 
any, pest bacilli. The heart shows two or three to a field. Few are found 
in the lung, while the liver shows numerous bacilli, The lesions are 
practicaily the same as those encountered in monkey No. 5928. 


Therefore, these animals all died of plague septicemia with 
or without bubonie infection of the cervical glands; that is, 
in the ease in which the infection was severe and the sus- 
ceptibility of the animals more marked, they succumbed to 
septicemia before cervical buboes developed. In none of these 
instances was pneumonia present. Primary plague pneumonia 
only results when infection by inhalation has in addition taken 
place. 

It has been claimed by several observers and more recently 
by Koulecha' that pneumonic plague in man is primarily а 
septiczemic disease, the lungs becoming secondarily involved by 
way of the blood circulation. According to this observer, the 
infection is supposed to spread from the perivascular spaces to 
the neighboring lung alveoli. He further believes that the bacilli 
enter the blood by the lymph vessels through the lesions in the 
tonsils and are deposited in the interstitial tissues around the 
lung alveoli, the tonsils being regarded as the primary point of 
infection. In some instances he assumes it to be possible for 
the plague bacilli to pass from the mucous membranes of the 
trachea and bronchi to the neighboring lymphatic glands and 
from them to enter the blood and in this way later to reach 
the lung. Albrecht and Ghon have shown that by the intra- 
venous injection of plague bacilli in animals, pneumonic plague 
did not result. 

In our opinion, the view that pneumonic plague is primarily 
а septicemic disease and that the lungs become secondarily in- 
volved by way of the blood circulation and that the tonsil is first 
infected is not acceptable. 

From our study of pneumonie plague both in man? and 
animals, we feel justified in concluding that infection in epidemic 
pneumonic plague results from inhalation, the primary point of 


* Report of the International Plague Conference held at Mukden, April, 
1911. Manila (1912), 154, А 
2 For a description of the human lesions, see VII, p. 210 of this report. 
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infection being not in the tonsils? but some portion of the 
bronchi, the organism either passing along the bronchioles di- 
recily to the alveoli or through the walls of the bronchioles to 
the contiguous tissue of the lungs, giving rise, first, to peri- 
bronchial and perivascular inflammation in the surrounding 
tissues, and then to more diffuse inflammatory processes through- 
out the lung. Having reached the lung tissue, the bacilli rapidly 
multiply and produce at first pneumonic changes of the lobular 
type and shortiy afterward more general lobar involvement of 
the lung tissue.“ 

The blood becomes quickly infected and a true bacteremia 
results in every case. The fact that the bronchial glands at the 
bifurcation of the trachea are always much more severely af- 
fected than any of the other lymphatic glands also argues against 
the theory that epidemic pneumonie plague is primarily a sep- 
ticeemic disease and that the lungs are infected secondarily from 
the blood. Moreover, in the earliest stage of the disease, the 
blood may be free from plague bacilli as we have shown by 
cultures. Р ! 

It is true that in some instances the bacteremia occurs early 
in the course of the disease and before hepatization of the lung 
may have taken place. However, microscopical examination 
will reveal enormous numbers of plague bacilli in the engorged 
lung tissue from which it appears that the origin of the bacte- 
remia is clear. 

The tonsils may become secondarily infected in pneumonic 
plague just as other lymphatic glands—for example, the bron- 
chial ones—become so infected. However, in pneumonie plague 
death usually occurs before any marked macroscopic changes 
occur in the tonsils. There is no doubt also that the tonsils may 
become primarily infected in epidemics of pneumonie plague 
just as has occurred in sporadic cases in epidemics of bubonic 
plague; such cases have been previously reported. This, how- 
ever, is not the common channel of primary infection, and in 
such cases involvement of the glands of the neck occurs early 
in the course of the disease. Such cases are really instances of 
bubonic plague in which the lungs may, or may not, become 
secondarily infected. 

In some instances plague infection may occur directly through 


*See also under pathological anatomy, p. 215 of this report for the 
condition of the tonsils in the human cases and Plates XI and XVIII. 
* бее Plate VII, figs. 2 and 3, and Plates IX and X. 
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the mucous membranes of the mouth and throat. Primary 
septicemia may then result. In those instances in which the 
infection is virulent and severe and the susceptibility of the host 
marked, death may sometimes occur before bubonic involvement 
is apparent. In other instances, bubonic involvement of the 
glands of the neck and septicemia are present. No true pneu- 
monia occurs unless infection by inhalation has in addition taken 
place. The German and the Austrian Plague Commissions con- 
cluded that primary plague septicemia probably does not exist. 
However, these commissions made their observations only during 
epidemics of bubonic plague. From our studies made upon 
human beings, during the Manchurian epidemic, as well as from 
the animal experiments quoted above, we must conclude that 
primary plague septicemia does sometimes take place and that 
death may occur, though rarely, before visible lesions have taken 
place either in the lungs or lymphatic glands. 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
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TYPES OF THE DISEASE MET WITH DURING THE MANCHURIAN 
EPIDEMIC, 


The cases throughout the epidemic were almost entirely those 
of primary pneumonic plague, only two or three undoubted cases 
of primary bubonic infection having been reported at the Intcr- 
national Plague Conference.) However, in a number of instances 
death occurred before there were any clinical manifestations 
that pneumonic plague was present, and in some of these cases 
only at necropsy was it discovered that early involvement of the 
lungs existed. This led to the belief that many of the cases were 
primarily septiezemie in character. One observer at the Con- 
ference, Doctor Christie, estimated from a clinical standpoint 
that about 5 per cent of the cases was of the septiczemic variety 
without pneumonia. However, from the post-mortem studies 
made during the epidemic, we must conclude that the cases with 
no involvement of the lungs were exceptional ones. Neverthe- 
less, in a few instances in which infection did not occur by 
inhalation but probably through the tonsils or the mucous 
membranes of the mouth or throat, it seems unquestionable that 
the lungs were either not involved or only very slightly so. Thus, 


* Report of the International Plague Conference held at Mukden, April, 
1911. Manila (1912), 428. 
? Ibid, р. 166. 181 


182 STRONG AND TEAGUE. 


in one instance of this nature, occurring during the epidemic 
and reported by Fujinami, the lymphatic glands of the neck 
showed enlargement with hemorrhages, and the surrounding 
tissues of the pharynx and larynx were very much affected, 
while the lung was only very slightly involved. Obviously, this 
case should be regarded as primarily of bubonic character. Both 
the German and the Austrian plague commissions concluded that 
primary plague septicemia probably does not exist. However, 
as has already been called attention to elsewhere in this report, 
these commissions made their observations only during epidemies 
of bubonic plague. From the studies made upon human beings 
during the Manchurian epidemic, as well as from the animal 
experiments performed in this laboratory,’ we must conclude 
that primary plague septicemia does sometimes occur, death 
resulting from this cause before lesions, which are macroscop- 
ically recognizable, are present in the lymphatic glands or in 
the lungs. 

Several cases of primary intestinal plague were reported at 
the Conference in which bloody diarrhcea appeared to be the 
most prominent symptom. None of these cases was studied at 
necropsy. It appears that no definite evidence of the occurrence 
of primary intestinal infection during the epidemic was produced. 
In the few instances in which plague bacilli had been found 
during the epidemic in the fæces, infection had evidently occurred 
secondarily from the blood, Albrecht and Ghon in the report 
of the Austrian Commission have reported the only suggestive 
case of primary intestinal plague occurring during a bubonic 
epidemic of plague, and even in this case the evidence of such 
infection is not conclusive. However, it seems established that 
primary intestinal plague has been produced in rats by feeding 
large quantities of virulent plague bacilli. In many instances 
during the Manchurian epidemic, the patients with pneumonic 
plague must have swallowed enormous numbers of plague bacilli 
in the saliva and sputum. Nevertheless, in none of the nec- 
ropsies performed during the epidemic were evidences of pri- 
mary intestinal infection present nor was serious involvement of 
the intestine encountered. "This fact certainly speaks strongly 
against the existence of primary intestinal plague in man and 
would seem to show that even if the intestines are sonietimes 
secondarily involved, this condition in human beings must be also 
a very rare one, 


Ibid., p. 150. 
* See IV, p. 173 of this report. 
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SEX, AGE, AND INCUBATION PERIOD. 


Both sexes seem equally susceptible, but the proportion of 
females and children attacked during the epidemic was compar- 
atively small, as women and children were evidently not so 
frequently exposed to infection. The disease prevailed partie- 
ularly among the poorer classes, coolies, etc., the majority of 
whom were between 20 and 40 years of age. The incubation 
period varied from two to five days, though usually it was not 
over two or three days. 

SYMPTOMS. 


The following summary of the clinical features of the disease 
has been made largely from personal observations during the 
epidemic in Mukden and also from evidence presented at the 
International Plague Conference. 

The onset of the disease is usually somewhat abrupt; prod- 
romal symptoms are rare. The disease usually begins with 
chilly sensations, but a distinct rigor generally does not occur. 
Epistaxis is generally not present. There is headache, loss of 
appetite, an increase in the pulse rate, and fever, Vomiting 
rarely occurs. Within from twenty-four to thirty-six hours after 
the onset, the temperature usually has reached 103° or 104° Е, 
and the pulse 110 to 180 ог more beats per minute. Cough and 
dyspnea usually appear within twenty-four hours after the 
onset of the first symptoms. The cough is usually not painful. 
The expectoration is at first $canty, but soon becomes more 
abundant. The sputum at first consists of mucus whieh shortly 
becomes blood-tinged. Later the sputum becomes much thinner 
and of a bright-red color; it then contains enormous numbers of 
plague bacilli in almost pure culture.: The typical rusty sputum 
of croupous pneumonia has not been observed. The conjunctive 
become injected, and the tongue coated with either a white or 
brownish layer. The expression is usually anxious, and the face 
frequently assumes a dusky hue. Labial herpes has never been 
observed. The patients sometimes complain of pain in the chest, 
but usually this is not severe. Apart from the disturbances due 
to the dyspnoea and their anxiety for their condition, they usually 
appear to suffer but little and usually do not complain of pain. 
In the later stages of the disease, the respirations become greatly 
increased and the dyspneea usually very marked, the patients 
frequently gasping for air for several hours before death. Cya- 
nosis is then common. 

The signs of cardiac involvement are always marked in the 
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advanced cases, the pulse becoming gradually more rapid, feeble, 
and running; finally it can not be felt. 

Gallop rhythm of the heart sounds are frequently observed. 
Death takes place from cardiac paralysis and exhaustion. The 
patients frequently succumb after slight physical exertion, such 
as sitting up in bed to take nourishment or on being moved. A 
few hours before death the temperature often declines to below 
normal. Delirium and coma are frequently present before death, 

The urine in the later stages may show the presence of al- 
bumin. The diazo and indican reactions have not been observed 
in the few cases in which the urine was tested. Extravasations 
of blood have been found in the pelves of the kidneys at post- 
mortem examination, 

The spleen is usually not palpable, and the lymphatic glands 
not enlarged. Petechie or larger hemorrhages of the skin are 
usually not present. Bloodly diarrhea is occasionally observed. 
Plague bacilli frequently may be present in the blood in such num- 
bers that a simple, microscopical examination suffices for their de- 
tection; in other cases, cultures are necessary for their discovery. 
A marked leucocytosis may oceur, though in some cases the leu- 
cocytes are not increased. In the primary septiczmic cases the 
course of the disease is very rapid. There may be no manifesta- 
tions of disturbances of the lung. The cardiac symptoms are very 
prominent. The patients soon pass into a comatose condition and 
die. 

PHYSICAL SIGNS. 

The physical signs in the lungs are often slight, even in cases 
well advanced in the disease. On percussion, dulness is often 
absent, and the vocal fremitus and resonance unchanged. Ina 
small proportion of cases, however, smaller or larger areas of 
dulness may be discovered. On auscultation rales are frequently 
not present, except shortly before death. When present early 
in the disease, they are usually of the fine variety. Numerous 
moist rales are heard late in the disease, and are due to the cedem- 
atous condition of the lungs. The character of the rales is in 
accordance with what one would expect from the condition of the 
lungs and bronchi and the character of the exudate observed at 
necropsy. Coarse rales such as occur in cases of catarrhal bron- 
chitis usually are not present, Feeble, respiratory sounds, tubu- 
lar modification, or pure tubular respiration over small areas are 
the conditions found most commonly on auscultation. Not in- 
frequently a dry, pleuritie rub is heard. ў 

The limits of dulness of the heart аге sometimes increased 
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to the right of the sternum. The heart sounds are rapid and 
usually become feeble or embryocardiac in character toward the 
end. In the early stages the secondary pulmonic sound may be 
accentuated, but it soon becomes much less distinct. 


DIAGNOSIS. 


The diagnosis is usually clear from the bacteriological examina- 
tion of the sputum in which the bacillus is found in enormous 
numbers and in almost pure culture. A rise in temperature and 
an increased pulse rate are usually the earliest symptoms observ- 
able, but before the sputum appears the diagnosis may be doubt- 
ful. An examination of the blood, either microscopically or by 
culture, may reveal the diagnosis, since during the past epidemic 
all the cases became septicemic. The blood should always be 
examined early, by cultural methods, as іп the primary septiceemic 
cases involvement of the lungs may not occur. The bacteriolog- 
ical diagnosis is the only certain one for excluding pneumonic 
infection due to mieroórganisms other than Bacillus pestis, but 
from the general condition of the patient, in connection with the 
absence of marked physical signs in the lungs, the diagnosis 
of pneumonic-plague infection is often particularly suggested. 
Labial herpes has not been observed in primary pneumonic 
plague. The presence of numerous coarse, piping or sibilant 
bronchial ráles in the lungs is an argument against pneumonic- 
plague infection. The sputum in pneumonic plague is not puru- 
lent as it frequently is in catarrhal bronchitis or in bronchial 
pneumonia, and it is not so tenacious and has not the rusty ap- 
pearance of the sputum so often seen in croupous pneumonia. 
The cough is usually not so painful as in croupous pneumonia, 

The duration of the disease is usually less than two days, though 
many cases did not live longer than sixteen hours after the onset 
of symptoms. Cases sometimes survived for three, and, more 
rarely, for four days. In no case reported was the duration over 
one week. 

PROGNOSIS AND TREATMENT. 


The prognosis is unfavorable. No cases in which the bacte- 
riological diagnosis was complete were known to have recovered 
during the Manchurian epidemic. 

No method of treatment appeared in any way to have been 
successful. Treatment with serum seemed, in a few instances, 
to have prolonged the duration of the illness. 
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CHARACTERS OF THE PNEUMONIC STRAIN OF “BACILLUS PESTIS.” 


During the epidemic in Manchuria the idea became rather 
general that the organism of pneumonic plague differed, in 
some respects at least, from Bacillus pestis of bubonic plague. 
Apart from cultural variations, some physicians believed that 
while the bacillus of bubonie plague on inoculation into guinea 
pigs gave rise to buboes, the bacillus of this epidemie, on injection 
into these animals, caused only pneumonia and septicemia. Also, 
it was claimed by some, that the virulence of the organism of 
pneumonic plague was much greater than that of the bacillus of 
bubonie plague. These ideas were erroneous, as is apparent 
from a consideration in detail of the properties of the pneumonic 
strain arrived at from the study of numerous microscopical 
preparations and cultures obtained from the sputum and from 
necropsies performed during the epidemic. 

MORPHOLOGY. 5 

From a morphological standpoint, the causative organism of 

the Manchurian epidemic of pneumonic plague apparently differs 


in no respect from other strains of Bacillus pestis isolated during 
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tremely difficult to break up the small clumps and to obtain a 
homogeneous and durable suspension. When grown at 37° С., 
the bacilli, when collected upon the platinum loop, form a homo- 
geneous, moist, mucoid mass which readily forms a homogeneous 
suspension when shaken in saline solution. At 30° C., the growth 
results sometimes more like the growth at 37° C. just described, 
at other times more like the growth at the temperature of the 
ice-box, depending upon the strain employed; most strains cul- 
tivated at 30° C. produce more mucus than is usually seen in 
cultures developed in the ice-box and less than is seen in cultures 
grown at 37? C. 

Another factor, which in our experience has exerted an im- 
portant influence upon the mucus production of a plague strain, 
is the length of time it has been cultivated upon artificial media. 
Freshly-isolated strains, whether from human subjects or from 
our experimental animals, produce more mucus than strains 
which have been cultivated on agar for some time. 

We cultivated a number of strains at 32? C. upon sugar-free 
agar, glucose-agar, saccharose-agar, and starch-agar, and did not 
observe that these carbohydrates caused an increase in the 
mucus production. 

The age of the culture is a factor influencing the amount of 
mucus present, A twenty-four-hour culture will contain less 
mucus than the same culture several days later. 

We have pointed out that the readiness with which the strains 
form homogeneous suspensions appears to run parallel with their 
mucus production and hence the former serves as a good index 
of the latter. There are, however, other factors which bring 
about the formation of homogeneous suspensions, notably the 
presence of alkali. The addition of a.few drops of alkali to a 
suspension of a culture grown at ice-box temperature and shaking 
quiekly brings about the disappearance of the clumps, and a 
homogeneous suspension results. It is for this reason difficult 
to determine whether or not the reaction of the culture-medium 
exerts an influence upon the mucus-production of plague or- 
ganisms; we can only affirm that this influence, if present, is 
not marked. 

To sum up, in our opinion the two factors of paramount im- 
portance with regard to the mucus production of plague bacilli 
are the temperature at which the cultures are grown and the 
length of time that the organisms have been cultivate® on arti- 
ficial media since their isolation from the aninial host. 

Bearing these facts in mind, we have not observed with regard 
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to mucus production that our pneumonic-plague strains in any 
way differ from the bubonic strains. 


VIRULENCE. 


The organism seems to have retained a maximum virulence 
throughout the epidemic, at least all of the cultures isolated and 
studied by inoculation into animals possess this very high degree 
of virulence, Cultures isolated near the close of the epidemic 
showed an equally high virulence to those isolated near its 
beginning. However, the idea that this epidemic of pneumonic 
plague was due to the fact that the strain possessed an abnormally 
high virulence—much greater than that possessed by the or- 
ganism of bubonic plague—and that this accounted for the very 
high mortality during the epidemic appears to be erroneous. 
The very acute course of the disease, the very high death rate 
during the epidemic as compared with that of bubonic plague, 
and the apparently increased virulence of this pneumonic strain 
may be satisfactorily explained by the fact that the portal 
of entry of the organism and the location of the primary points 
of infection in pneumonie plague and in bubonic plague are dif- 
ferent. The plague organism finds in the pulmonary tissues a 
much more favorable and extensive medium for its multiplica- 
tion and diffusion than it does in the lymphatic glands. In 
bubonic plague, the lymphatic glands may be said to act as filters 
against the general invasion of the organism by the plague 
bacillus, while in primary pneumonie plague there is no such 
mechanism for the defense of the host, the bacilli spreading 
rapidly throughout the lung and invading the circulation in 
every instance in a comparatively short time and apparently 
before the organism has had time to produce any appreciable 
quantity of immune substances. The bronchial lymphatic glands 
in primary pneumonie plague offer resistance to the invasion of 
the plague bacillus, and in every case of this disease these glands 
are very acutely inflamed and frequently almost of a black color 
from the resulting toxic hemorrhages in the glandular substance. 
However, by the time the bronchial glands have become involved, 
the bacteria have already spread so extensively throughout the 
lung substance that a bacteremia has usually occurred. Micro- 
scopical preparations made at necropsy from the lungs of these 
pneumonic cases invariably contain enormous numbers of plague 
bacilli. In no other disease are the organisms found in such 
great abundance. ‘In primary pneumonic plague, the bacilli are 
found in very much greater number in the lung than in the spleen, 
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even though an advanced bacteremia is present. This fact, also, 
suggests that the lung tissue offers a more favorable location for 
the growth and multiplication of the bacilli than does the spleen, 
The bacteria are also present in far greater numbers in the lung 
than they are ever found in the buboes or spleen in bubonic-plague 
cases, It is, also, evident that in pneumonic plague the infected 
lung (which may be said to correspond to the primary bubo of 
bubonic plague) contains, by reason of the size of the infected 
area, a far greater number of plague bacilli than the primary 
bubo in bubonic plague. During epidemics of bubonic plague, 
there are occasionally small epidemics of pneumonic plague in 
which the same high mortality and acute course of the disease is 
observed as occurred in the Manchurian epidemic of pneumonie 
plague, This is another argument in favor of the fact that 
during epidemics of bubonie plague the causative organism may 
show the same high virulence. As examples may be cited the 
epidemic of bubonie plague in Japan—in Kobe and in Osaka in 
1899 to 1900—in which 18 cases of primary pest pneumonia all 
terminated fatally after a very rapid course, and the epidemic 
of bubonie plague in 1898 in Bombay in which, toward its close, 
11 cases of pneumonic plague also all quickly succumbed one 
after the other. 

All this evidence is in favor of the supposition that the or- 
ganism giving rise to the present epidemic is of no greater viru- 
lenee than in the case of many bubonie strains; furthermore, 
definite proof of this fact has been obtained from comparative 
inoculations made in animals with different pneumonic and bu- 
bonic cultures. Many of our experiments have been reported 
in the testimony of the Conference, and will not be given in detail 
here; the results of others performed by us since that time are 
recorded in Table I. 


The guinea pigs were all inoculated in the following manner: An area 
of the abdomen, about 2 centimeters square, was shaved and scraped 
with the, razor until petechial hemorrhages appeared in the skin. A 
42-hour agar-slant-culture of each organism was suspended in 5 cubic 
centimeters of peptone solution and 5 esen of each suspension were rubbed 
over the shaved area of the guinea pig’s abdomen. At necropsy the animals 
showed the usual Jesions of bubonic plague. These guinea pigs were 
inoculated on June 8. The pneumonic strains were isolated during the 
month of March, the bubonic strain “Hongkong” on May 20, and the bubonic 
strain “Mariveles” on May 27. The bubonic strain sent from Shanghai 
had been on artificial media at least for several months. 


* Report of the International Plague Conference held at Mukden, April, 
1911. Manila (1912), 75, and Index under Virulence. 
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TABLE I.—Showing virulence of various cultures of plague. 


Number | Weight Number of | 
d Number of. 
lof gums of Te ‘culture, days before! 
Grams. 
| w 1 
390 2 4 | 
350 5 64 
860 7 a 
340 + 8 т 
400 9 3 
| 360 10 7| 
t | 350 21 6 
390 22 5i 
350 16 8 | 
1 380 23 6 
390 25 6 
390 26 5 
330 28 3| 
350 29 5 
310 3i 5i 
330 u | 5 
350 12 T 
380 13 54 
360 14 10 
380. 16 si 
| 360 п 5 
380 18 4i 
: 370 19 5 
850 | Shanghai. @ 
960 | Mariveles. 54 
340 | Hongkong. 5 
340 | 32 3 
* Developed buboes, but recovered. 
These experiments and those already referred to (loc. cit.) 
have shown that the pneumonic cultures have not possessed any 
greater virulence than that possessed by many virulent bubonic 


ones of the organism. Mice, rats, guinea pigs, and monkeys 
inoculated with virulent bubonic cultures die within the same 
period of time and from the same doses as do the corresponding 
animals inoculated with the pneumonic cultures. The same 
lesions are observed in animals after inoculation of the pneu- 
monic strain as after the inoculation of the bubonic strain. 
Both strains when inoculated cutaneously, or subcutaneously, 
into guinea pigs and monkeys give rise to bubonic-plague infec- 
tion, When the animals are infected by inhalation with either 
strain, similar lesions are also produced. In guinea pigs, after 
inhalation, infection results through the mucous membrane of 
the throat and upper portion of the respiratory tract, resulting 
in buboes of the cervical glands and septicemia and in primary 
or secondary pneumonia; in monkeys, after infection by inhala-, 
tion, primary pneumonic infection of the lung with secondary 
septicemia results. 


However, while during epidemics of bubonic plague reports 
105936——5 
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have been made that there is often a marked difference in viru- 
lence in the different cultures isolated, during this epidemic of 
pneumonic plague the organism seems to have retained a very 
high degree of virulence throughout. The cultures isolated from 
a number of cases near the close of the epidemic, upon inoculation 
into animals, proved to be fully as virulent and to kill animals 
as quickly and in the same doses as did those cultures isolated 
near the beginning. That the organism retained such a stable 
virulence throughout the epidemic is, perhaps, not surprising 
when one considers that infection occurred directly from manm to 
man or, frequently one might say, from lung to lung and without 
the passage of the organism through rodents as ordinarily occurs 
in bubonic-plague infection. Morever, from the results of pre- 
vious experiments relating to infection of animals with pneu- 
monie plague by inhalation, we would expect that the organism 
would have retained its maximum virulence throughout this 
epidemic. 

For these reasons and, also, from the fact that the acute course 
and mortality of the disease were not changed toward the close 
of the epidemic and especially, from the experimental proof 
furnished by the inoculation of animals with cultures isolated 
near the beginning and near the close of the epidemic, we must 
conclude that the sudden decline and cessation of the epidemic 
was not due to any marked change in the virulence of the strain. 
Such a decline and cessation must have depended upon other 
causes. The plague bacillus, whether isolated from pneumonic 
or from bubonic epidemics, usually exhibits marked stability in 
virulence. While it is not a very resistant organism in nature 
and easily becomes destroyed under certain conditions, it usually 
does not become markedly attenuated in passage through the 
animal body, and even on artificial culture-media, after many 
months, its virulence is usually fully retained. Instances of 
spontaneous loss of virulence in culture-media have been reported, 
but this is not usually the case with fresh, virulent cultures. 
This quality of stability of virulence of the plague baeillus, so 
different, for example, from that of the cholera vibrio, is of 
particular interest from an epidemiological Standpoint. 


AGGLUTINATION TESTS. 


Theoretically the agglutination test has two applications in 
. plague: (1) The diagnosis of the disease by the demonstration 
of antibodies in the patient’s serum and (2) the identification of 
the organism cultivated from a suspected case by means of the 
serum of an animal immunized against the plague bacillus. 
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In pneumonie plague, the agglutination test has no clinical 
value, for the patients succumb to the disease before antibodies 
are produced or at least produced in any quantities that are 
capable of detection. 

With regard to the second application of the method, as there 
seemed to be some difference of opinion as to the value of the 
agglutination test in identifying plague bacilli, we decided, after 
our return to Manila, to carry out a series of experiments in the 
hope of throwing further light upon this subject. The result 
of our experiments in this direction will be described briefly. 

For obtaining an agglutinating serum, rabbits were used and 
large doses of the bacilli were injected intravenously. Repeated 
inoculation of living avirulent plague bacilli administered in this 
way called forth a very satisfactory serum, but killed virulent 
bacilli failed to do so in every instance. All of the rabbits lost 
weight rapidly during immunization. 

After obtaining a satisfactory serum, the various pneumonic 
strains which we had brought back with us from Mukden, to- 
gether with three bubonic strains and three strains from experi- 
mental animals, were all subjected to the agglutination test with 
the same plague serum. The organisms were grown at 32°C. 
In order to avoid spontaneous sedimentation, the bacteria were 
suspended in distilled water and the dilutions of the sera made 
with 0.1 per cent sodium chloride solution. 

The greatest dilution of the immune serum, which caused 
complete or almost complete agglutination, is recorded for each 
strain tested in the following table: 

TABLE Il.—Showing limit of agglutination in plague strains. 


Limit of Limit of 
Strain. agelu- Strain, agglu- 
| tination. tingtion. 
2 | 
Pneumonic plague: 

160 1,280 
160 | 1,280 
eo | 320 
220 | 320 
160 320 
160 | 320 
640 320 
160 320 
640 640 
320 320 
100 о 
320 || Guinea pig: 
60 П Мо. 5035 .. зо 
640 | "No, 5769 . ю 
640 | М. S745 80 
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Two points are strikingly obvious from this series of experi- 
ments: (1) There is great variability in the limits of agglutina- 
tion of the different strains and (2) the strains freshly isolated 
from experimental animals agglutinate only at relatively low 
dilutions of the serum. It is also to be noted that both pneumonic 
strains and bubonic ones are agglutinated by the same serum. 

It was next decided to select certain of these strains in order 
to make a careful study of the influence of various factors upon 
their agglutinability. 

One of the difficulties in performing agglutination tests, partic- 
ularly with strains which have been grown on artificial media for 
long periods of time, has been the tendency of the bacilli to form 
clumps spontaneously. We found that very small amounts of 
alkali would prevent this spontaneous flocculation and sedimenta- 
tion of the suspensions, but on performing tests with such sus- 
pensions these extremely small amounts of alkali inhibited all 
agglutination. 

It has already been mentioned that we performed a series of 
tests in the presence of only a small amount of electrolytes (0.1 
per cent sodium chloride instead of 0.8 per cent). This served 
well to render the suspensions homogeneous and durable and 
agglutination was not inhibited, but there was frequently a 
disturbing flocculation with normal serum within very narrow 
limits, such as is often seen when one colloid is flocculated by 
another. As only two or three tubes of a long series were 50 
affected, it was possible to distinguish between this phenomenon 
and the true specific agglutination. Nevertheless, the method 
was abandoned and in the tests to be described below both the 
bacterial suspensions and the dilutions of the serum were pre- 
pared with 0.5 per cent sodium chloride solution. 

The following tables, selected from a number of similar ones 
with other strains of plague bacilli, demonstrate clearly the 

, results of our experiments. 


TABLE IIL--Showing agglutination of culture No. 26. 


From guinea pig. From guinea pig. From guinea pig. 

GrownatSi C, — Grown at 320 С. Grown at 37° С. Grown at 329 С. Grown at 12? C. 
" i | | Е [ | 
4 hours. 20 houra.|2 hours. |4 hours. 20 hours. 2 hours. |4 hours. 20 hours; 2 hours, (3 hours, 20 hours, 


18 hours, h hours. honours, 


2 hours. 


" | 


Serum of immunized rabbit; 


'ADOTOINSIOVE 
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TABLE IV.—Showing agglutination of culture No. 12. 


Grown at 31°C, Grown at 32° С. pros ppc EE 
2 bours. 4 hours, 20 hours, 2 hours, | 4 hours. 20 hours, 2 hours. | hours, 20 hours. 2 hours. |4 hours. рн hours. 4 houra, 20hours] 
Я | - | Н 
Serum of immunized rabbit: 
++ Tee * * 
++ du b | +++ + + 
+ - + | ++ + + 
++ - - + + 
+ + - - + + 
+ - -| - E E 
' + 4 +- nd = - + + 
+ = ا‎ = -? - - * + 
+ ed ж = = - trace | + 
- = = = - - trace | + 
- - = = = - trace | + 
trace - - - - - = | trace | + 
trace - - - - - = | trace | + 
trace | - - - Е - = | trace + 
trace E اس‎ - - - traco + 
+ ~ - = - — | trace | trace 
+ = = = Ex —  : trace trace + 
trace br = = “4 e trace trace rf 
таз - = = ng "i a ж = EA = trace trace + 
Salt solution .. - = =- e - - - - — | mac | trace | + 


861 
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TABLE V.—Showing agglutination of culture “Hongkong.” 


Grown at 37° С. Grown at 92° С. 
2 hours. 4 hours. 20 hours 2 hours. |4 hours, 20 hours, 
Serum of immunized rabi 
! ++ + + 
++ + ++ 
++ + + 
++ + + 
++ + + | 
| ++ + 
| ++} + + 
+ 1 + 
+ + + + 
+ + + + 
+ + + + 
| 
4 - - - = | tence | ++ 
| 4 - -į -= = | trace | ++ 
H بت‎ да vi zu 3.1 E 
-i- + - + |+ 
у س‎ + - + | tee 
= أ‎ + + + + | tte 
4 - + + + + | ttt 
- + | + + + | +++ 
Salt solution. = + + + + | ate 


In Table ПТ it is seen that the strain used agglutinates at 
greater dilutions when grown at 32°C. than when grown at 37°C, 
The control tubes with normal serum show in the case of the 
bacteria grown at 37°C. no agglutination whatsoever, even after 
twenty hours, while in the cases of the bacilli grown at 32°С., 
the bacteria have all settled out in twenty hours. 

The-same strain, after passage through an animal, does not 
agglutinate at as great dilutions as before. When grown at 32° 
C., it also shows less tendency toward spontaneous sedimentation 
than previous to the passage through the guinea pig. When 
grown at 12°C,, flocculation begins almost as soon in the tubes 
with normal serum as it does in those containing immune serum, 
so that it is difficult to determine whether or not specific aggluti- 
nation has taken place; however, after twenty hours, on shaking 
the tubes, the sediment in those with normal serum readily forms 
a homogeneous suspension, while in the first few tubes, at any 
rate of those containing immune serum, the sediment is seen to 
consist of coarser flocculi, 

These same.observations apply in a general way to the strain 
used in Table IV. This strain, however, when cultivated at 
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37°C, agglutinates at much greater dilutions of the same immune 
serum than does the previous strain when grown at this same tem. 
perature, Furthermore, the differences in agglutinability before 
and after passage through an animal are more marked. 

The strain of Table V, when grown at 37°C., agglutinates at 
still greater dilutions. When cultivated at 32° C., flocculation 
takes place almost as quickly with normal serum as with immune 
serum, and it is difficult to decide whether or not specific agglu- 
tination has taken place. 

Our strain of avirulent plague may be cited as the extreme of 
this series, showing varying grades of agglutinability. Even 
when cultivated at 87°С., spontaneous sedimentation takes place 
so rapidly that it is impossible to say that specific agglutination 

. has occurred. Although this strain was used in producing the 
immune serum, we have in no single instance been able to 
Show that it was agglutinated specifically by the serum. 

The same immune serum was used for the tests recorded in 
Tables ПІ, IV, and V. 

We have previously noted that the plague bacillus forms more 
mucus when cultivated at 87°C. than when grown at 82°C. or 
even lower temperatures and that more homogeneous and more 
durable suspensions result in the former instance. We now see 
that the bacillus when grown at 37°С. is agglutinated with 
greater difficulty by a specific serum. It, therefore, seems not 
unlikely that the decrease in agglutinability is due to the increase 
in mucus production. In harmony with this view is also the 
fact that strains freshly isolated from experimental animals 
produce more mucus and are less readily agglutinated by a spe- 
cific serum than are strains which have been cultivated for 
months upon artificial media, though the factor of possible dif- 
ference in virulence also must be considered in this instance? 

Finally, we may add that during the course of these exper- 
iments we have been able to identify promptly by the aggiutina- 
tion test two strains which were isolated from bubonic cases of 
plague dying upon ships in the harbor of. Manila. 

While one of the difficulties in the performance of the agglu- 
tination test with the plague bacillus is the tendency toward spon- 
taneous flocculation, we are inclined to believe that, under proper 
conditions, spontaneous flocculation usually does not occur in 
freshly-isolated strains; in most strains which have been grown 
upon artificial media for long periods of time it can be avoided by 


* Strong, Journ. Ep. Med. (1905), 7, 229. 
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cultivating them at 37°C. The greater difficulty sometimes is, 
‘in our opinion, to obtain a satisfactory immune serum. We gave 
several rabbits repeated intravenous injections of large doses 
of killed virulent cultures without obtaining more than a trace of 
agglutination with their sera. We can strongly recommend the 
use of the living avirulent culture for the preparation of the 
immune serum. 

In conclusion, we can only warn against the use of cultures 
grown at ice-box temperature as recommended by Shibayama? 
for the agglutination tests: Although such cultures are readily 
agglutinable, flocculation in the control tubes is apt to be very 
confusing. If one has a satisfactory immune serum, the culture 
grown at 32°C. or even at 37°C. will be agglutinated promptly 
and the control tubes will remain practically unchanged. Con- 
trols with normal serum should always be prepared in performing 
the test. 

INFECTIVITY OF THE EXCRETA. 


In no other disease is the infecting organism found in such 
abundance in the sputum as it is in pneumonic plague. When the 
disease is well developed, Bacillus pestis is present in almost 
pure culture. In pneumonie plague as in bubonie plague, when 
the disease becomes septicemic, the organisms are sometimes 
found in the urine and even sometimes in the feces, When once 
the sputum of pneumonic-plague cases becomes thoroughly dried 
it is no longer infectious, but when the sputum becomes frozen 
and pulverized, particles of it may be blown about and remain 
infective for long periods of time or until the sputum is again 
thawed. 


BACTERIOLOGICAL DIAGNOSIS OF PNEUMONIC PLAGUE. 


EXAMINATION OF THE SPUTUM. 


A bacteriological diagnosis from the sputum can not be made 
at the onset of the disease, and not. until after the fever has 
developed does the sputum appear. Shortly after the appearance 
of the sputum, the plague-organism, even if not visible from the 
microscopical examination, may be isolated by culture. When the 
sputum becomes bloody, the organism is usually present in large 
numbers and in almost pure culture. Sometimes the organism 
might be mistaken morphologically for Diplococeus pneumoniz, 
and bipolar-staining organisms, other than plague bacilli, may 


* Centralbl, f. Bakt. etc., Orig. (1905), 1 Abt. 38, 482, 
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sometimes be encountered in the sputum. While in the mi- 
сгозсорісаї examination of the sputum Gram’s stain is a very 
valuable aid in arriving at a diagnosis of the organism, never- 
theless, Gram-negative bacilli have been encountered in the 
sputum, which proved later not to be plague bacilli. However, 
usually if the sputum is blood-stained, from the microscopical 
examination, with the aid of Gram's stain, there is no difficulty 
in arriving at a diagnosis, since the plague organism is usually 
present in such very large numbers. In the later stages of the 
disease, involution forms are commonly encountered in the 
sputum. The organisms are constantly found in great abundance 
up to the time of death. 


BACTERIOLOGICAL EXAMINATION OF THE BLOOD. 


In the early stages of the disease, cultures from the blood are 
frequently negative. Sometimes, however, the organism could 
be cultivated from the blood from twenty-four to forty-eight 
hours before death, and it could always be obtained from 
the blood a few hours before death. In many instances the 
bacteria are present in very large numbers in the blood, so 
that a diagnosis can often be made from a simple, microscopical 
examination. In no other disease is so marked a bacteremia 
present. In the early stages of the disease, cultures from the 
blood should be made in bouillon, as much as 1 cubie centimeter 
of blood being employed, The agglutination test is of no value 
in making a diagnosis, as the course of the disease is too acute 
and the patient has succumbed before the agglutinins appear in 
demonstrable quantities. The reaction of the deflection of the 
complement is also not to be recommended for the same reason; 
the examination of the sputum and blood for the presence of 
the bacillus gives much greater and more valuable information. 
In cases where no necropsy is permitted and a post-mortem bac- 
teriological diagnosis is advisable, microscopical examination of 
material obtained by lung puncture with a syringe, may often 
be conclusive of pneumonic plague, Bacillus pestis being present 
in the mieroscopieal preparation, in enormous numbers, in pneu- 
monic-plague cases. 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION, 


VH. PATHOLOGY. 


By RICHARD P. STRONG, B. C. CROWELL, AND Oscar TEAGUE. 


(From the Biological Laboratory, Bureau of Science, Manila, P. I.) 


Although bubonic plague is a disease that has occurred in large 
and protracted epidemies and has been widely studied, epidemics 
of pneumonie plague, even of moderate size, have not been 
frequent and very few contributions to the literature upon the 
pathological anatomy of primary pneumonie plague have hitherto 
been made. Moreover, none of these articles has been based 
upon the study of extensive material during a large epidemic, and 
some of the cases described in the literature as those of primary 
pneumonic plague are really instances of secondary infection of 
thelung. "Therefore, the subject of epidemic pneumonic plague 
is one of particular importance in connection with the Man- 
churian epidemic. 

Hitherto, our ideas regarding the pathology of pneumonic 
plague have been based largely upon several cases described 
by Childe in 1897-1898, and upon three cases reported by 
Albrecht and Ghon in 1898. The German Plague Commission 

+ (Сайку, Pfeiffer, Dieudonné, Sticker) in the report of their 
investigations in India, during the same year, described 7 cases 
of pneumonia in plague, but when one reads the description of 
these, it is found that but two were cases of primary pneumonic 
plague, and in both of them the infection was complicated by the 
presence of other bacteria, in addition to the plague bacillus. 

Childe; in 1897 and 1898, describes the post-mortem lesions 
in two cases of pneumonic plague. In the first case the necropsy 
was performed seven hours after death and the lesions en- 
countered are described as follows: 

“The lungs showed much general engorgement and wdema, with sero- 
sanguineous frothy fluid in the bronchi, but no pus; the usual appearances 
of acute bronchitis were absent. There was one small pneumonic patch, 
the size of a walnut, in the enrly second stage, situated below the apex 


* Brit. Med, Journ. (1897), 1, 1215. 
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on the front of the right lung, and two similar but smaller patches at the 
same part of the left lung; these patches stood out a little from the 
surface, and were airless, friable, and sank in water, each was surrounded 
by a dark ring of engorgement, which merged into the healthy lung, and 
there was recent pleurisy over the pneumonic areas. All the other organs 
were examined, and showed considerable engorgement, but no special lesion 
was observed. The cervical, the axillary, and the lumbar lymphatic glands 
were slightly enlarged; the left iliac slightly enlarged, red, and soft; all 
the other glands, including the bronchial, looked absolutely normal.” 

Childe states that he had performed 12 post-mortem examinations on 
pneumonic-plague casos all presenting appearances similar to those described 
in the one above. 

In his later publication in 1898, he describes the pneumonic form of 
plague as follows: 

“In this form of plague, the only marked evidences of disease are found 
in the lungs; the lymphatic glands and other organs are scarcely affected 
at all, 

“The Condition of the Lungs.— There was general engorgement with con- 
siderable cdema, a reddened condition of the mucous membrane of the 
bronchi, but no marked evidences of bronchitis, and frothy watery fiuid, 
sometimes blood-stained, could be squeezed from the bronchi. (Pus in the 
bronchial tubes was only found on one occasion.) A number of pneumonic 
patches were found scattered through the lungs, varying in size from a 
pea to an egg. They were light pink or red-grey in colour, solid, airless, 
and sank in water; they were rounded in shape, and usually separated by 
a distinct ring of engorgement from the crepitant lung around. Some, 
instead of being pink, were of a deep blood colour throughout, and less 
solid, and some of these had a small, greyish, more solid centre. Those 
of the patches which were situated on the surface of the lung were prom- 
inent, and projected distinctly from the surface; whilst the pleura over 
them was roughened, and showed signs of early inflammation. These 
patches had, in fact, the appearance of the first and second stages of lobular 
pneumonia, but no patches were found which had passed on to the third 
Stage of softening and breaking down. In a few cases larger masses of 
pneumonic lung than these were found, and once about half the lower 
lung was found in this condition. Petechial hemorrhages were usually 
found on the surface of the iung; the bronchial glands were either enlarged, 
swollen, edematous, soft, and distinctly engorged, or else they were small 
and of the usual appearance, perhaps a little engorged. The remaining 
lymphatic glands throughout the body showed none of the appearances of 
either the bubonic or septicemic form of plague; most of them looked 
absolutely normal, and the only noticeable change was that the axillary, 
and sometimes the cervical, chains were a little engorged. 

The description of the remaining internal organs already given applies 
equally to this form of plague, except that the large hemorrhages were 
absent, but petechiz on the surface of the heart, in the pelvis of the kidney, 
bladder, stomach, and intestines were commonly present. Petechie in the 
skin were not observed in this form of plague. * * + 

“A section of lung tissue, apart from a pneumonic area, shows great 
engorgement of all large blood vessels, and of the alveolar capillaries as 


? Ibid. (1898), 2, 859, 860. 
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well, and patches of hemorrhage inte the alveoli around these engorged 
vessels are seen scattered about. In a pneumonic area three zones can 
be made out. At the circumference there is intense engorgement of all 
vessels including alveolar capillaries, the alveoli are full of blood, and 
the hemorrhage is so intense that many of the alveolar septa are broken 
down, entirely absent, or represented by mere shreds. Within the cir- 
cumference is seen a zone in which the alveoli are intact and are com- 
pletely filled with well-stained ceils, so that there is no interval between 
the alveolar walls and their contents; and at the centre is one universal 
mass of similar cells, and the cellular infiltration is so extreme that the 
walls of the alveoli are scarcely visible. Such is the general arrangement 
of the pneumonic patch, although there may be alveolar hemorrhage in 
parts of either the middle or central zone. Under a higher power the 
alveoli of the circumference are seen to be completely filled with blood 
corpuscles, and there is scarcely an appearance of fibrin, or none at all; 
in the míddle zone the alveolar contents consist for the most part of 
catarrhal epithelium with some white and a few red blood corpuseles, and 
a little fibrin or none at all, whilst the dense central mass of the cells con- 
sist of catarrhal epithelium and leucocytes with some granular débris. 
Thus the pneumonie area has the appearance of very extreme lobular or 
catarrhal pneumonia. The walls of the bronchial tubes, as well as of 
the large veins, show great engorgement and there are hemorrhages 
into the vein walls. Blood and catarrhal cells may be seen in the finer 
bronchi, but the bronchial mucous membrane is scarcely altered, there being 
at most a little cellular proliferation. There are the appearances of acute 
pleurisy over those pneumonic areas which project upon the surface of 
the lung, with hemorrhages beneath the pleura. The bronchial glands 
show engorgement of blood vessels, some hemorrhage into the gland tis- 
sue and distended lymphatic vessels; but in some cases these conditions 
are only slightly marked and the glands looked nearly normal.” 

Albrecht and Ghon? in their report upon bubonic plague describe three 
cases of primary plague pneumonia. From the study of these cases, they 
concluded that the primary plague pneumonia represents a typical lobular 
pneumonia or bronchopneumonia which involves either a single lobe, or 
several lobes (in some cases bilateral), or an entire lung. 

They further state: On the cut section one can, as a rule, still make 
out the confluence of the separate infiltrated lobules, since their boundaries 
can still be partially distinguished. The posterior portions of the lung 
tissue are most often attacked by the inflammation. It has already been 
remarked that the primary as'well as the secondary plague pneumonias 
both have a very characteristic and, in this sense, specific appearance, since 
the finer anatomie picture resembles^that of no other inflammatory disease 
of the lungs with which we are acquainted. Even in the pleura the peculiar 
conformation and color of such foci is striking. The pleura is either only 
slightly cloudy, injected to a bright color, and dotted with numerous small 
hemorrhages, or it is covered with or penetrated by a yellowish, fibrinous, 
exudative membrane. This fresh pleurisy is, as in every pneumonia, a 
regular part of the inflammatory process. 


* Ueber die Beulenpest in Bombay im Jahre 1897. К. Akad. d. Wiss. 
(1898), П. B., 429, 
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One sees beneath the pleura fine yellow and red dots and spots caused 
by numerous yellow nodules or bands upon a bright red background. The 
picture resembles exactly the one encountered in many lymph glands which 
contain numerous bacilli. Microscopical sections show that this picture 
is due above all to the fact that the distended alveoli are filled with 
enormous masses of bacilli or with blood and with these almost alone; 
the cut section shows a similar, generally mixed yeliow-red color, appears 
as though most finely shagreened but never really granular, and yields 
an abundant, somewhat viscid juice. 

The changes in the septa of the alveoli are very characteristic and 
indeed: as well in the primary as in the secondary pneumonias. The septa 
are very strikingly broadened and changed into a glistening frame-work 
which is sometimes coarser, sometimes more thread-like, and stains well 
with eosin. Between the bands of this frame-work are enclosed, in scant 
numbers, cells or cell nuclei or red blood-cells: the thick cords are lined by 
small and most minute granules standing close together and by cell 
nuclei, irregular, pear-like, or spermatozoon-like in shape. 

The complete agreement with the changes in the vessels of primary 
buboes and with the multiple foci in the spleen is obvious at the first 
glance. The large numbers of plague bacilli in the alveoli lead also in this 
case to that peculiar coagulation of the tissue-fluid and the céllular 
elements of the septa of the alveoli and the vessel-walls; at the same 
time coagulation takes place in the blood within the vessels. The finer 
or coarser bands, which thus arise, do not give the fibrin-staining reac- 
tion of Weigert. 

In addition to these changes in the septa of the alveoli, which are to be 
regarded as due to necrosis, there appears at places a complete disap- 
pearance of the septa, so that only spur-like remnants of the same are 
left. The bronchioles are also markedly dilated and filled with enormous 
masses of bacilli, which occur also in just as large numbers in the large 
bronchi and are of course expectorated. However, fibrinous exudation is 
everywhere almost completely lacking, only a scant fibrin network being 
found here and there. The amazingly large number of plague bacilli is 
also evident from cover-slip preparations and from cultures from the pneu- 
monic lungs. In primary plague pneumonias, we found plague bacilli 
twice in pure culture and once mixed with a small number of diplococci 
{Dipiococcus pneumoniw), in the metastatic foci only once in pure culture 
and three times with diplococci, which were also in these cases not numerous, 
We, of course, found a mixture of different bacteria in the pneumonic 
foci due to aspiration. t 

With regard to the frequency of the occurrence of pneumonie foci due 
to the plague bacillus, among 44 acute plague cases we found such foci 
nine times; viz., 3 primary plague pneumonias, 4 metastatic or secondary 
plague pneumonias, and 2 aspiration pneumonias in which we could de- 
monstrate numerous plague bacilli. The metastatie plague foci in the 
lungs hence occur rather seldom if one considers that undoubtedly the 
circulation is flooded with plague bacilli, either only for a short time or 
frequently several days before death. 


The Anglo-Indian Plague Commission‘ report "that the lesions in pri- 


'Report of the Indian Plague Commission (1801), 5, 435. 
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mary pneumonic plague, when contrasted with those occurring in Pestis 
major, are less intense in the other organs, with the exception of the lungs. 

"The lymphatic glands are only slightly àffected, and external buboes 
having the specific characteristics seen in Pestis major are seldom, if ever, 
encountered. Congestion and enlargement of organs and even hemorrhage 
in mucous and serous membranes may be present, but they do not assume 
the proportions attained in Pestis major. On the other hand, the lungs 
are conspicuously affected. The whole substance is engorged, the large 
as well as the small blood vessels being distended; and hemorrhagic zones 
are seen scattered throughout the lungs, filling the alveoli and often break- 
ing down their walls. Within the hemorrhagic zones are areas in which 
the alveoli are completely filled with leucocytes, epithelial cells, and gran- 
ular débris, constituting, with the surrounding zones of hemorrhage, 
biood-congested areas of catarrhal Pneumonia. In these areas, as well 
as in the fluid matter contained in the trachea and bronchi, plague bacilli 
are abundantly present. Greyish necrotic patches have also been found 
containing large numbers of plague bacilli, The bronchi are engorged 
with blood, and catarrhal cells are found in their terminations. Over 
affected areas at the surface of the lungs, the pleura may be acutely in- 
flamed. In most cases, the bronchial glands were congested, and there 
was a little hemorrhage into the gland substance; but in some cases, their 
appearance was normal. 

“While, however, a catarrhal inflammation of lobular distribution has 
most frequently been regarded as the characteristic type of primary plague 
pneumonia, several observers have denied its existence, and have asserted 
that eroupous (lobar) pneumonia is the form that most frequently oceurs. 
Major Evans, І. M. S., and Captain Elphick considered that all cases of 
typical plague pneumonia come under the latter category, and Major Jones 
expresses the opinion that “lobar pneumonia is common.” Major Evans 
stated that the pneumonia is distributed in small detached patches, con- 
stituting lobular areas, only when the inflammation has not advanced far; 
but that it is lobar to the extent of involving a whole lobe or the greater 
part of a lobe when the lung inflammation has advanced further. Captain 
Elphiek, I. M. 8., described several autopsies in which individual lobes or 
even an entire lung was consolidated, and he stated that “every case of 
pneumonic plague examined showed lobar condensation.” It may further 
be stated that in many cases only slight changes were found in the bronchi. 
It is therefore possible that the pneumonia is lobular in patients who have 
died at an early stage of the disease, and lobar in those who have sur- 
vived to a later period; or, otherwise, that lobar pneumonia occurs when 
the toxin is most virulent and most widely distributed throughout the lung, 
and lobular pneumonia when it is less virulent and less widely diffused. 

“+ * * [The] microscopic examination has mainly shown general dila- 
tation and engorgement of the veins and«smaller blood vessels and nu- 
merous capillary and larger hemorrhages in almost every structure and 
organ of the body." 

Dürck* and Herzog' have reported at some length upon the general 


* Beiträge zur pathologischen Anatomie und zur allgemeinen Pathologie 
(1904-5), Supp. 6-7. 
* Pub. Bur. Govt. Labs. (1904), Мо. 23, 9. 
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pathological anatomy of bubonic plague, but neither of these observers had 
any special opportunity for the study of the primary pneumonie form. 

During the Japanese epidemic of 1899, reported by Kitasato, Takaki, 
Shiga, and Moriya,’ 18 cases of primary pneumonie plague occurred, but 
no necropsies were made. Sata has recently reported upon the patho- 
logical anatomy of a single case of pneumonie plague in which, however, 
the lesions were complicated by the presence of other bacteria, besides the 
plague bacillus. 

On account of this absence in the literature of observations 
upon the pathological anatomy of epidemic pneumonic plague, 
the results of the study of this subject made by us during the 
Manchurian epidemic will be reported in detail. 

Our observations upon the human pathology of this disease 
are based upon the study of 25 complete necropsies performed 
at the plague hospital at Mukden. All of the material was fresh, 
many of the necropsies having been performed immediately or 
within a few hours after death. 

The histological examination of the tissues has been performed 
in Manila since our return. Zenker’s fixation with alcohol pres- 
ervation of sections was employed in all cases, while primary 
alcohol fixation of sections from some cases was also used in 
order to facilitate bacterial investigation. It was necessary in 
a few cases to resort to the study of the material which had been 
preserved in Kaiserling's fluid. All tissues were sectioned in 
paraffin and stained with Bóhmer's hzmotoxylin and eosin; 
in addition Weigert's stain for fibrin, Unna's methylene blue 
and eosin, the Gram-Weigert stain, and Mallory's iron hæmotox- 
ylin were used as differential stains in nearly all of the cases. 

It has been deemed advisable to consider the gross and his- 
tological lesions under the description of each organ. 

External appearance——The bodies with one exception were 
those of robust, well-nourished individuals and showed no emacia- 
tion. Two of the subjects showed evidences of old syphilitic 
infection and one had early carcinoma. None of them was tuber- 
eulous. The superficial lymphatic glands were not enlarged, 
and carbuncles, vesicles of the skin, or buboes were not observed. 
Small punctiform hemorrhages in the skin about the bends of 
the elbows and over the chest occurred in two cases and were 
apparently the result of needling. Livor mortis was not as а 


' Bericht über die Pestepidemie in Kobe und Osaka. Tokio (1900). 

* Quoted by N. Masuyama, Ztschr. f. klin. Med. (1910), 70, 498. 

* А method of treatment of the disease employed by certain Chinese 
physicians of the old school. 
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rule very extensive or marked owing to the freshness of the 
cases; in three it was extensive over the shoulders and the depend- 
ent parts and was of a dark, brownish-red color. Rigor mortis 
in some of the cases had not developed. In others it Was very 
strong. In degree it was, perhaps, when compared with the rigor 
mortis occurring in other acute infectious diseases, only sur- 
passed by that seen in Asiatic cholera. The muscles were usually 
of a bright-red color; hemorrhages were not observed in the 
abdominal ones, but small extravasations of blood were on one 
occasion noted in the thoracic muscles in stripping them from 
the thoracie wall and ribs, 

Pericardial cavity, heart and blood vessels.—In the anterior 
mediastinum in the tissues Surrounding the thymus gland usually 
much cedema and frequently extensive hemorrhages occurred. 
On the visceral surface of the serous layer of the pericardium, 
petechie often occurred and larger punctiform hemorrhages 
were sometimes encountered. On the epicardium varying num- 
bers of petechiæ were observed in most of the cases, The right 
chambers of the heart were usually distended with blood and in 
a number of cases showed acute dilatation and thinning of the 
wall, particularly of the right auricle. The muscle was in some 
instances soft but usually of a fairly firm consistency. Cloudy 
sweling was almost invariably noted; early fatty degeneration 
was observed in a few instances. The bronchial veins sometimes 
Showed hzemorrhages in ihe intima, and numerous extravasations 
of blood oceurred about the vessels posterior to the peritoneum 
and in the region of the kidneys, omentum, and mesentery. In 
the omentum, hemorrhages were particularly observed in the 
fat around the larger veins, 

Histological examination of the heart.—The changes in the 
heart consist chiefly та cloudy swelling of the muscle fibers with 
some (edema between the fibers in some cases. The fibers are, 
however, usually closely packed. In Some cases slight heemor- 
rhage was present beneath the epicardium. In some there was 
infiltration of the epicardial fat into the muscle, and in one 
or two cases slight infiltration of this fat between the muscle 
bundles, 

Fatty degeneration of the fibers to any marked degree was 
not noted, but lesser degrees could not be determined on account 
of the fact that the method of preservation of the tissues did 
not permit of the satisfactory use of selective stains for fat. 

Fragmentation of the fibers was a constant feature in all of the 
cases examined. No exudation from the vessels was encountered, 


although the vessels were constantly engorged. 
105936——6. 
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Pleurw.—The parietal pleura covering the thoracic wall, dia- 
phragm, and pericardium in many instances showed numerous 
ecchymoses in the region of the infected lung, and very often 
delicate, fibrinous adhesions were observed between the parietal 
and visceral pleure. In some instances many of the hzmor- 
rhages were punctiform in character, but in others they were 
confluent and formed diffuse, larger, dark-red patches. 

Lungs.—Numerous ecchymoses beneath the pleura were almost 
always encountered, though they varied greatly in extent and in 
number. The appearance of the lungs varied aecording to the 
stage of the disease at the time of death. Generally the lungs 
were dark red, voluminous, very rich in blood, and very cdem- 
atous. From a careful study of the lesions of the lungs we can 
conclude that plague pneumonia is an anatomically defined type 
of disease different from other varieties of pneumonia. 

Fresh, fibrinous pleurisy was observed in every case, ex- 
tending over the more marked areas of pneumonia. (See 
Plates IX and X.) In some instancés the delicate membrane 
was reddish and slightly roughened; in other cases, grayish or 
grayish white or yellowish, and could be easily peeled from the 
surface of the lung. Rarely a gelatinous, edematous exudate was 
present. In two instances, the pleural cavity contained between 
100 and 200 cubic centimeters of a serous hemorrhagic exudate 
in which large numbers of plague bacilli were present. 

Some portion of the lung showed either inflammatory engorge- 
ment or pneumonic infiltration. The seat of the pneumonia 
varied greatly. The upper lobes appeared to be quite as fre- 
quently involved as the lower. 

On section of the lung, the tissues adjacent to the areas 
showing pneumonic involvement usually revealed very marked 
congestion and cedema. Such areas were firmer than the normal 
lung and tore more easily. On pressure, a reddish, serous fluid 
exuded from the cut surface in great abundance. Sometimes in 
these areas the edema was so great as to give to the lung tissue 
а jelly-like consistency. 

While in croupous pneumonia the first stage of inflammatory 
engorgement as an independent condition is almost never, or 
certainly very rarely, encountered, as the patient does not suc- 
cumb within twenty-four to thirty-six hours from the origin of 
the disease, in our cases of plague infection of the lung the early 
stages of inflammatory engorgement were frequently met with 
and often death occurred before the lesion had progressed fur- 
ther, so that indeed in some instances no true pneumonia was yet 
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visible. In the stage of inflammatory engorgement, the plague- 
infected lung was voluminous, firmer, and less crepitant than the 
normal lung, and either dark red or reddish blue in color. Upon 
section, the tissues were found to be very edematous, and a thin, 
reddish serum escaped in great abundance. 

The pneumonie areas, when present, were either lobular or 
lobar in type. (See Plates VIII, IX, and X.) 

In the lobular type, one or several nodules varying from about 
three to five centimeters in diameter might be found in the lobe. 
They were rather sharply circumscribed from the surrounding 
lung tissue by a more or less marked ring of engorged pulmonary 
tissue and were either circular in outline or wedge-shaped. In 
one instance, on section of the lung, six areas in the stage of 
early gray hepatization were observed in one lobe situated near 
the base. Three of these measured 2, 1.5, and 1 centimeters in 
diameter and were all arranged along the same bronchus. About 
one-half centimeter from the tip of the base of the lobe on the 
same bronchus were three more hepatized patches measuring 
5 or 6 millimeters in diameter. The mucous membrane of the 
bronchi was dark red in color. The other lobe and the right 
lung in this case showed only congestion and едема. Some- 
times these pneumonic areas are situated on the surface of the 
lung, when they project distinctly from the surrounding lung 
tissue, and the pleura over them is roughened and shows other 
signs of early inflammation. Such areas of broncho-pneumonia 
as just described no longer contained air. On cut section the 
surface was rather dry, grayish red in color, and finely granular 
in appearance. No muco-purulent secretion was visible in the 
smaller bronchi, and, on pressure, mucus plugs were not ex- 
pressed from the bronchi as is frequently the case in bronchial 
pneumonia due to infection with other microórganisms. The 
granular appearance of these areas is not identical with that 
observed in croupous pneumonia. The granules are irregular 
and coarser, and, on scraping the surface of these areas with 
the knife, no fibrin plugs are observed to escape from the air 
cells, but the juice so expressed is grayish white, slightly sticky, 
and evidently highly albuminous. The alveolar septa some- 
times appear broader than normal The mucous membrane of 
the bronchi leading to such areas was bright red in color. Occa- 
sionally several pneumonie areas might be arranged along one 
bronchus somewhat as the flowers of the hydrangea are placed 
on the stalk of the plant. 

While a careful study of the human lungs, as well as of those 
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of numerous monkeys and guinea pigs, in which pneumonic 
plague had been produced by inhalation of plague bacilli, has 
shown that the pneumonia is primarily bronchial in origin and 
of the lobular type,“ nevertheless, very early lobar involvement 
was very much more frequently encountered in the human cases 
at necropsy. 

In the lobar type, the whole lobe or a portion of it 
showed either only early inflammatory engorgement or a 
portion of the lobe early red, with beginning gray hepa- 
tization. Plate X illustrates a section of the lung in the 
stage of gray hepatization. We have not seen an entire 
lobe in the stage of gray hepatization such as is frequently 
observed in ordinary croupous pneumonia due to the Diplococ- 
cus pneumoniz, as the patients with primary pneumonie plague 
evidently die before this stage is ever reached. Large areas of 
red hepatization are also rare. However, a smaller area of 
gray hepatization, adjoining one of red hepatization and this 
in turn shading into an area showing only engorgement, was 
sometimes observed. Very frequently death evidently occurred 
before any apparent hepatization had taken place and only a 
portion of a lobe showed engorgement. Even in these instances, 
however, enormous numbers of plague bacilli were present in 
the lung tissue. In but comparatively few of the cases had 
the stage of gray hepatization been reached, and evidences 
of resolution were not encountered. 

Rarely one lung was practically normal in appearance. How- 
ever, in these cases in which one lung only showed pneumonic 
infiltration, the other usually showed congestion and cedema. 
In other instances single lobes, or all the lobes of one lung, 
might show early inflammatory engorgement. In some of the 
cases both types of pneumonia were encountered. In one lung 
the lobular areas might. be observed while in the other the 
appearance of a lobar type was present. Or in the same lung 
a smaller area of gray or red hepatization might be encountered 
while the remainder or some part of the lobe showed pneumonic 
infiltration in the stage of engorgement. The differentiation 
of the so-called lobar type of pneumonie plague from other 
varieties of pneumonia may not be as easily accomplished as in 
the case of the lobular type. The cut surface of the pneumonie 
lung, however, in the stage of early gray or red hepatization, 
usually seems less granular; the condition of the bronchi and 


? See aiso IV, р. 173 of this report. 
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the character of the exudate also renders assistance in arriving 
at a diagnosis. Also the absence or seareity of fibrin in the 
alveolar exudate in pneumonie plague is in striking contrast to 
the condition observed in croupous pneumonia. The alveoli are 
frequently filled with plague bacilli. The gross lesions of the 
human lung are illustrated in Plates VIII, IX, and X. 

Histological examination.—No cases in the series were found 
in which the lungs exhibited no alteration and no part of any 
lung examined was free from at least some pathological changes. 
In the earlier cases (1) the presence of bacteria, (2) the changes 
in the blood content of the vessels, and (3) the changes in the 
bronchi and bronchioles constitute the prominent features. 

(1) The bacteria occur in enormous numbers and frequently 
appear as dense blue clouds in thin sections stained by hzemo- 
toxylin and eosin and examined even with a low magnification. 
In general, this method of examination gives the most satisfac- 
tory evidence of the distribution of the bacteria, and the higher 
magnification with the oil-immersion objective is only necessary 
when the bacteria must be searched for. 

In the earliest cases the bacteria are especially numerous 
about the bronchioles, in the peribronchial lymph spaces, and 
adjoining alveoli. Here they frequently form masses com- 
pletely encircling the bronchioles, and are also present in large 
numbers in the interlobular septa and beneath the pleura. In 
the lungs which are the seat of anthracotic deposits, wherever 
anthracotie pigmentation is found, there are enormous masses 
of the bacteria, and the distribution of the bacilli about the 
bronchioles, in the interlobular septa, and beneath the pleura 
is recognized as the usual distribution of anthracotic pigments. 
In these earlier cases there are but few bacilli in the blood | 
contained within the vessels and also few in the neighborhood 
of the vessels. The alveoli in this stage also contain bacilli 
when there is no recognizable change in their lining epithelium. 

(2) The blood vessels in the interalveolar and interlobular 
septa are widely distended with blood and occasionally small 
hemorrhages have taken place from these vessels into the al- 
veoli. Very few, if any, bacteria ean be found in the blood 
vessels in the earlier cases. 

(3) The smaller bronchi and bronchioles are in the condition 
of catarrhal inflammation. The lining cells are swollen and 
frequently desquamated, and there are some few red plood-celis 
and leucocytes among the lining cells and in the lumina of the 
bronchioles. Mucus in the form of granular flakes is also con- 
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tained in the bronchi, as well as very large numbers of bacilli. 
The distribution of the bacilli about the bronchioles has already 
been described. 

The condition of the lung alveoli in the early stage of the 
disease varies in different areas. The septa have already been 
referred to as engorged and the alveoli about the bronchi as 
filled with bacilli. The alveolar epithelium is swollen and fre- 
quently desquamated in the form of large cells often containing 
abundant pigment. The contents of the alveoli consist of a 
few of these desquamated cells, serum, bacilli, and an occasional 
leucocyte or red blood-cell, 

The pleura may be the seat of a slight fibrinous exudate, and 
small hzemorrhages from the vessels may have occurred. 

As the process passes on to the later stages of the disease, 
the added features are those of exudation and more extensive 
hemorrhages, 

The exudation consists in the passage into the alveoli of red 
blood-cells and leucocytes, the stage where the red cells pre- 
dominate probably preceding that of the mixed red and white 
exudate, so that a red and a white stage can be differentiated. 
But in no ease does the latter condition proceed so far as in 
the ordinary pneumonia due to Diplococcus pneumoni and the 
leucocytes are never so abundant. That is to say, there is 
not a pure white stage, as a good proportion of red cells is 
always present and the red appearance of the lung is also more 
prominent on account of the frequency of hemorrhages which 
may be small or involve a large portion of the lung. The leuco- 
cytes are chiefly of the polymorphonuclear neutrophile type, 
although some mononuclear cells are present. Few, if any, 
. eosinophiles are present in the exudate. Fragmentation of the 
nuclei of the leucocytes is not infrequent. A peculiarity of the 
leucocytes when seen under high magnification is that they are 
very frequently surrounded by a clear zone. The possibility of 
specific staining for fat was precluded by the method of pres- 
ervation of the tissues. Phagocytosis was seldom observed. 

The presence of fibrin in the exudate is an unusual occurrence, 
and in those cases where careful staining showed it to be pres- 
ent, the amount was in no way comparable to the amount found 
in ordinary pneumococcus pneumonia and when present was 
only at the immediate periphery of the alveoli in the neighbor- 
hood of the vessels, 

In the later stages of the disease, the bacteria are very 
numerous and here, in contrast to what was described in the 
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earlier cases, they are in greatest number about the medium- 
sized vessels and can also be seen in the blood contained within 
the vessels. They are also present in large numbers imme- 
diately beneath the pleura and in the fibrinous exudate which 
always covers the pleura over a consolidated area. Where sec- 
tions were taken through the interlobar septa, the presence of a 
leucocytic exudate can be seen in the groove between the pleural 
surfaces. (See Plates XIII to XVII illustrating histological 
changes.) 

The bronchi— (See Plate VIII.) The mucous membrane of 
the bronchi was in every case of a bright-red color which 
varied in the different instances only in intensity. Often in the 
bronehi near the bifurcation, the deeper red portions appeared 
as closely placed, parallel, longitudinal stripes in the bronchial 
wall. The bronchi contained a red, frothy, bloody serous fluid, 
or more rarely a reddish mucus exudate. The yellow or whitish 
muco-purulent exudate frequently scen in cases of catarrhal 
bronchitis or in other forms of pneumonia was never observed, 
nor were fibrinous plugs encountered. In one case in which 
the lesions in the lung as well as the changes in the other 
organs were not very far advanced, the diagnosis of primary 
lung infection with plague bacilli was suggested from this con- 
dition in the bronchi and the character of the exudate. This 
diagnosis was confirmed by bacteriological examination. 

Pharyna, larynx, and trachea.—(See Plate XI.) The anterior 
surface of the tongue was usually coated with a brown, buff, 
or pinkish-gray layer. The papille at the base of the tongue 
and the lymphoid follicles here and on the posterior wall of the 
pharynx were swollen. The tonsils were in every instance of 
about normal size or slightly swollen. On cut section the surface 
was usually reddish or reddish gray and in a few instances bluish 
in color, In only one case were there small areas of necrosis and 
hemorrhages in the tonsil. The mucous membrane of the mouth 
and throat over the base of the tongue, uvula, tonsils, and adjacent 
structures was in all cases somewhat swollen and generally ap- 
peared of a more or less congested, dark-red color or in a few 
instances of a reddish-purple hue. From the pharynx to the 
larynx the mucous membrane as a rule gradually assumed a 
brighter red color. Over the epiglottis, vocal cords, cartilages, 
and whole larynx it was generally markedly hyperemic and red 
in color, but in a few instances of a whitish-pink or pink hue. 
When the color was not bright red the injected vessels could be 
seen more plainly upon the pink background just described. The 
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mucous membrane just above the vocal cords in a few cases was 
not so markedly hyperzmie, but below them, in every instance, it 
appeared of a bright-red color. Throughout the entire length 
of the trachea the hyperemia was always more marked below 
the vocal cords, whatever the condition above them was. This 
hyperemic condition continued in every instance throughout 
the trachea and bronchi, though it was sometimes less marked 
in the smaller tubes which led to normal lobes of the lung. In 
no case was there noticeable cedema of the glottis. In a single 
instance, in which the epiglottis and surrounding structures 
showed no injection, the hyperemia and injection of the vessels 
did not begin until about 3 centimeters below the cords. In a 
few cases there were small hemorrhages measuring several milli- 
meters in diameter in the mucous membrane of the trachea. 
. Over the surface of the trachea a small quantity of blood-stained 
serous exudate, sometimes frothy in character, was present. 
There was always much edema of the tissues surrounding the 
lower portion of the trachea, and the lymphatic glands in this 
region were swollen to a greater or less degree. In one instance 
two of them measured as much as 3 centimeters long by 1} wide. 
(See Plate XI.) On eut section they were usually red or bluish 
in color and showed many hemorrhages. The glands at the 
bifuxeation of the trachea were always greatly swollen, generally 
anthracotic, and in all instances were of an almost black-red color 
from resulting hemorrhages in the glandular substance. 

Histological examination of the tonsils.—The morphological 
changes in the tonsils are not prominent. The majority of the 
tonsils examined did show very marked congestion and in some 
cedema was present. Small hemorrhages were noted in a few 
cases. The crypts frequently contained mucus in which very 
moderate numbers of pest bacilli were present. The epithelium 
and follicles for the most part showed no change. Some of the 
tonsils were the seat of old inflammatory changes which were 
unrelated to the plague infection. One case showed very active 
proliferation of the lymphoid follicles. This case showed very 
few plague bacilli in the tonsil itself but the greatest numbers 
observed were present in the blood contained within the vessels 
of the tonsil. The majority showed very few bacilli at any 
place in the tonsil. 

One showed very large numbers of pest bacilli in the crypts 
and scattered throughout the parenchyma, without any definite 
distribution, except that the follicles were practically free. 

Another case showed a remarkable apparent leucocytosis judg- 
ing from the number of leucocytes in the blood within the vessels. 
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The remarkable feature about the tonsils as a whole was their 
comparative freedom from anatomical changes, Congestion, 
sometimes edema, sometimes hemorrhages, occasionally slight 
lymphoid activity constituted the main features. (See Plate 
XVIII.) The bacilli were present in small numbers with one 
exception, and never bore any comparison to the number in the 
lungs. 

The esophagus was in every instance normal, no hyperemia 
of the mucous membrane being observed. 

Stomach and intestincs.—The mucosa of the stomach was fre- 
quently somewhat swollen and showed numerous, small ecchy- 
moses. In a few instances small erosions were present. In a 
few cases the peritoneal surface of the small intestine was red- 
dened and in a few others hemorrhages were observed on the 
peritoneal surface of both the large and small intestines. These 
hemorrhages were of two types—-the first dark, almost black in 
color, measuring from + to 1 centimeter in diameter and sug- 
gesting in their appearance wsophagostomum infection; and the 
second appearing as fine, bright-red, linear hemorrhages. The 
mucous membrane in these cases was reddened and showed 
а catarrhal condition, with a pinkish mucous layer covering the 
surface, beneath which were innumerable, bright-red, pin-point- 
sized areas, 

Lymphatic glands.—The bronchial glands near the bifurca- 
tion of the trachea always showed more advanced changes than 
any of the other lymphatics; they were always swollen, rich in 
blood, and frequently almost black in color from resulting hzem- 
orrhages. The lymphatics along the lower portion of the tra- 
chea were also usually swollen and sometimes contained hæmor- 
rhages. In a few cases the mesenteric lymphatics showed simple 
inflammatory swelling, but in the majority of the cases they 
were normal. The largest ones measured about 24 centimeters 
in diameter. On section the surface was pink or of a gray- 
ish-red or dark-red color, but showed no hemorrhages or nec- 
rotic areas, although in one case in the veins about them the 
blood had frequently escaped from the vessel walls. In one 
instance the glands showed small hemorrhages. In the other 
lymphatics of the body, no special changes were observed. 

Spleen —The spleen was distinctly enlarged in 56 per cent 
of the cases. In bubonic plague the percentage with distinct 
anatomical enlargement of the spleen is considerably higher, but 
the spleen is by no means always enlarged in bubonic plague, as 
has frequently been stated. In the present cases it was usually 
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firmer than the typical, infectious splenic tumor, a condition 
depending upon the increase of red pulp and blood in the organ. 
On ent section the red pulp was greatly increased and the folli- 
cles were usually either small or invisible. In two cases the 
follicles appeared as white, pin-point areas inclosed by dark-red, 
pin-head-sized areas, which in turn were surrounded by the 
lighter red splenic parenchyma. Small, punctiform hemor- 
rhages occurred beneath the capsule in one instance and scattered 
through the substance of the spleen in others. The trabecule 
were prominent in only one instance in which the age of the 
subject was apparently between 50 and 60 years. In one case a 
reddish-white infarct 4 millimeters in its greatest width was en- 
countered. 

Histological examination of the spleen.—The chief lesion in 
the spleen is found in a marked congestion and hyperplasia of 
the pulp tissue with small hemorrhages occurring beneath the 
capsule and throughout the pulp in a very large percentage of 
cases. The degree of the congestion varies. It is frequently 
especially marked at the immediate periphery of the lymphoid 
follicles, These lymphoid follicles are for the most part both 
relatively and absolutely small and seldom show any signs of 
proliferation. The bacteria in the follicles are very scarce. 
Some cases show fairly large areas of necrosis of the pulp in 
the areas of the hemorrhage. The swelling of the endothelial 
cells of the lymph sinuses is by no means an infrequent occur- 
rence, although evidence of their multiplication is not seen. 

Kidneys.—Punctiform hemorrhages measuring several milli- 
meters in diameter were frequently observed in the capsules of 
the kidneys, which usually stripped easily from the surfaces of 
the organs. The kidneys were usually rich in blood, and in a 
number of instances after the removal of the capsule a red, 
granite-like appearance was observed due to the deeply injected 
vessels in contrast to the yellowish parenchyma of the organ. 
The stellate veins were usually deeply injected. Small hæm- 
orrhages about the surface vessels of the kidneys were un- 
usual, but were observed in three cases. On cut section either 
parenchymatous or early fatty changes were almost invariably 
evident. The glomeruli were frequently swollen and often ap- 
peared as fine, reddish, pin-point-sized areas, Petechie were 
frequently seen in the pelves and upper portion of the ureters. 

Histological examination of the kidneys.—Extreme degenera- 
tion of the parenchyma of the kidney is a constant feature. The 
degeneration is in the form of an extreme cloudy swelling and 
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granular degeneration which is especially marked in the cells of 
the convoluted tubules but also involves the epithelium covering 
the glomerular tufts. It is not infrequent for this degeneration 
to have proceeded so far as to constitute a necrosis. The most 
striking changes in the glomeruli consist in the degeneration of 
the epithelium of the tufts which has already been referred to. 
Intense congestion of the glomerular vessels is practically always 
present and, in a few cases, a small amount of fluid exudate 
into Bowman’s capsule is found. In no ease was the leucocytic 
exudate into Bowman’s capsule excessive. No evidence of prolif- 
eration of the cells lining Bowman’s capsule was seen. In two 
cases of the series, fibrin thrombi as described by Herzog" con- 
stituted a very prominent feature in the sections of the glomeruli, 
(Edema of the kidney is evident in the sections, and very numer- 
ous, small hemorrhages which were chiefly situated beneath the 
capsule were often seen. Some of the cases were the seat of an 
old chronic interstitial process on which the changes above indi- 
cated had been superimposed. The finding of casts in the tubules 
was rare, but the presence of a coagulated fluid exudate or tran- 
sudate was not at all infrequent. Sections of the mucosa of 
ihe pelvis of the kidney were not obtained. 

Liver.—The liver also invariably showed either cloudy swelling 
or early fatty degeneration. A few small hzmorrhages about 2 
to 8 millimeters in diameter situated beneath the capsule were 
observed in two cases, in one of which the hemorrhages were 
also linear in character, measuring as much as one-half centi- 
meter in length and about 1 or 2 millimeters in width. Smail 
metastatic abscesses such occasionally observed in bubonic 
plague were not encountered in either the liver or the kidney. 

Histological examination of the liver.—The sections show prac- 
tically always an extensive congestion, and cloudy swelling is a 
constant feature. While no large areas of necrosis are found, 
many of the specimens show small areas where one or two or 
three cells at one place have undergone necrosis. Extensive 
fatty changes were not noted, although selective stains for fat 
were impossible. Hzemorrhages beneath the capsule occurred, 
but hemorrhages in the substance of the organ were scarcely ever 
noted and were never of any extent. In some places the liver cells 
were considerably compressed by the engorged vessels. In some 
of the cases rather extensive bile-stasis was manifest by the 
abundance of biliary pigment contained within the liver cells. 


* Pub. Bur. Govt. Labs. (1904), No. 23, 9. 


220 STRONG, CROWELL, AND TEAGUE. 


The adrenals sometimes showed congestion. No pathological 
changes were observed in the pancreas, thyroid, or thymus gland, 
though the tissues about the latter were usually markedly cede- 
matous. In the uterus, hemorrhages were frequently observed ; 
in the other sexual organs or bladder, no special changes were 
noted. The central nervous system in the instances we had 
occasion to examine showed no gross anatomical changes with the 
exception of hyperemia and sometimes cedema of the meninges. 

Bacteriology.—Microscopical preparations and cultures were 
made from the organs in every ease. In each instance the pest 
bacillus was present in the blood. The bacilli were always much 
more numerous in the lungs and in the bronchial lymphatic 
glands at the bifurcation of the trachea than in any of the 
other organs or in the blood. In the lungs they were found 
frequently packed together in great masses and were usually 
present in pure culture. In but two instances were diplocoeci 
encountered in small numbers. The plague bacilli were always 
more numerous in the spleen than in the blood. In no other 
disease are such enormous masses of bacteria encountered in 
the lung. In the tonsil, with but one exception, the number 
of plague bacilli found was small, usually not more than was 
observed in the blood. Staphylococci and streptococci and even 
Gram-positive bacilli were seen in preparations from the tonsils 
in several cases. In scrapings from the mucosa of the bronchi, 
plague bacilli were often abundant, but not always so. 

Conelusions.—From the study of the human lesions and those 
produced experimentally in animals, ? it would appear that epi- 
demic plague pneumonia results from inhalation, the primary 
point of infection being the bronchi. Along the bronchioles 
the infection extends by continuity directly into the infundi- 
bulum and air cells, or by contiguity through the walls of the 
bronchioles to the contiguous tissue of the lung, and gives 
rise to a consecutive peribronchial inflammation in the tissues 
immediately surrounding the bronchioles. From these areas 
the infection rapidly spreads to the adjacent pulmonary tissue 
and visceral pleura. The bacilli rapidly multiply and produce 
at first pneumonic changes of the lobular type, and shortly after- 
wards from the fusion of several rapidly spreading areas more 
general lobar involvement of the lung tissue. The blood becomes 
quickly infected, and a true bacteremia results in every case. 
Secondary pathological changes occur, particularly in the spleen, 
bronchial glands, heart, blood vessels, kidneys, and liver. The 


* See IV, p. 178 of this report. 
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fact that the bronchial glands at the bifurcation of the trachea 
are always much more severely affected than any of the other 
lymphatic glands argues against the theory that epidemic pneu- 
monic plague is primarily a septicemic disease, and that the 
lungs are infected secondarily from the blood. Moreover, in the 
earliest stage of the disease, the blood may be free from plague 
Бас. The conditions observed in the trachea and bronchi in 
epidemic pneumonie plague, together with the character of the 
pulmonary exudate, is pathognomonie of this condition. From 
the appearance of the mucous membranes of the throat, larynx, 
and trachea, a diagnosis of pneumonic plague may sometimes 
be suggested. The tonsils may become secondarily infected in 
pneumonic plague, just as other lymphatic glands—for example, 
the bronchial ones—become so infected. However, in pneumonic 
plague, death occurs before any very marked macroscopic changes 
oceur in the tonsils. There is no doubt also that the tonsils 
may become primarily infected in epidemics of pneumonic plague, 
just as has occurred in sporadic cases during epidemics of bu- 
bonic plague. This, however, is not the common channel of 
primary infection, and in such cases involvement of the lym- 
phatic glands of the neck occurs early in the course of the disease. 
The fact that the esophagus was found to be normal in every 
case examined and that the intestines showed only slight lesions 
eonstitutes another argument against the idea of the occurrence 
of primary intestinal plague infection in man, since in many 
of the pneumonic cases plague Бас! must have been repeatedly 
swallowed in the bronchial secretions and in the saliva. 


* See p. 202 of this report. 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION. 


VIII. SUSCEPTIBILITY OF ANIMALS TO PNEUMONIC PLAGUE. 


By RICHARD P. STRONG AND Oscar TEAGUE. 


(From the Biological Laboratory, Bureau of Science, Manila, P. I.) 


Many cultures isolated by us during the Manchurian epidemic 
from the lungs at necropsy have demonstrated the same patho- 
genicity for animals as virulent bubonic strains of the plague 
bacillus. The pneumonie cultures have shown themselves to be 
particularly pathogenic for mice, rats, guinea pigs, and monkeys 
(Cynomolgus philippinensis Geoff.) , these animals dying from the 
same doses and succumbing within the same period after inocula- 
tion as has been observed after infection with bubonic strains. 
Some evidence was introduced at the Conference held at Mukden 
that suggested that when the pneumonie strains were injected 
subcutaneously into the guinea pigs, usually septicemia was pro- 
duced very quickly and typical buboes were not obtained. More- 
over, it was affirmed that the guinea pigs died within a shorter 
time after inoculation than in the cases in which bubonic strains 
were employed, However, in these instances it appears that the 
results were dependent upon the size of the dose inoculated, as 
much as one-half of an agar-culture having been employed in 
the infection. We showed in Mukden that the cutaneous or sub- 
cutaneous inoculation of very small doses of the pneumonic 
strain into guinea pigs gave rise to the typical lesions observed 
in these animals after inoculation with virulent bubonic strains, 
particularly to typical buboes, to miliary abscesses in the spleen, 
and to secondary septicemia with hemorrhages in the different 
organs. Our statements at the Conference in this respect have 
since been borne out by extensive experiments performed by us 
in Manila and it has been conclusively shown, in addition, that 
when guinea pigs are inoculated with the pneumonie cultures by 
inhalation, they develop primary infection of the glands of the 
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neck, with secondary septicemia and occasionally secondary 
pneumonia or, in some cases, primary pneumonia with secondary 
septicemia. Very rarely does the spleen show miliary abscesses 
in such cases, the animals dying before such lesions develop. 

In monkeys (Cynomolgus philippinensis Geoff.) , also, the cuta- 
neous or subeutaneous injection of the pneumonie cultures causes 
typical bubonie infection. Monkeys infected by the same cul- 
tures by inhalation develop primary pneumonie plague with 
secondary septicemia and without involvement of the glands of 
the neck. 

Tarbagans.—There has been considerable evidence brought 
forward during the past in support of the view that plague has 
existed in epizotie form among a species of marmot, the tar- 
bagan (Arctomys bobac Schreb.) (See Plate VI.) However, 
there has been no direct bacteriological proof of this fact, and we 
have known nothing definite before in regard to the susceptibility 
of this animal to plague infection, though, according to Preble, 
loc. cit., Tehaoushow showed these animals were susceptible to 
plague infection. Our own experiments on tarbagans were car- 
ried out in Mukden where, by the kindness of the Hon. Alfred 
Sze, imperial commissioner to the Plague Conference, we were 
supplied with these animals for experimental purposes. From 
our experiments we were able to show for the first time that 
eutaneous or subcutaneous infection of the tarbagan with viru- 
lent cultures of the pneumonic strain gives rise in these animals 
either to an acute bubonie or to subaeute and chronic forms of 
plague infection. In some instances we have shown by com- 
parative experiments that the tarbagan seems as equally suscep- 
tible to cutaneous or subcutaneous infection as the guinea pig, 
these animals dying in about the same time (two and one-half 
to five days after infection) and from the same doses of the 
organism. In these instances there are hemorrhages about the 
point of inoculation, typical buboes, and swelling of the spleen. 
In other instances, after infection with the same organism and 
with the same doses, the tarbagans may suffer from subacute and 
chronic forms of plague infection. In three of these animals 
killed by chloroform from ten days to two weeks after infection, 


1 For evidence of this fact, see Report of the International Plague Con- 
ference under Tarbagans. Also, The Tarbagan and Plague. By Раш 
Preble. Reprint from the United States Public Health Reports (1912), 
No. 68. This latter article entirely omits our own experiments on tarbagans 
while giving other observations on these animals reported at the Interna- 
tional Plague Conference. 
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there were found at necropsy abscesses measuring several milli- 
meters in diameter in the subcutaneous tissues or in the abdo- 
minal muscles, near the point of inoculation, and swelling of the 
inguinal glands, while the liver and spleen showed indurated, 
yellowish nodules also measuring several millimeters in diameter. 
(See Plate XH, fig. 2.) Plague bacilli were present in small 
numbers in the abscesses and in the nodules in the Spleen and 
liver. These animals, judging from their condition at the time 
they were killed, would probably have lived at least several 
weeks longer. The lesions present were similar to those which 
have been described in rats which have succumbed to chronic 
plague infection. We have also shown that the tarbagan is also 
susceptible to primary pneumonie plague when infection has 
taken place by inhalation. Death then occurs three or four days 
after infection from primary pneumonia and secondary septi- 
emmia. These experiments were performed with the Species 
Arctomys bobac Schreb? We also showed that another spécies 
of marmot (Spermophilus citillus Linn.), very common about 
Mukden and the vicinity, was susceptible to acute plague in- 
fection, these animals dying in from three to seven days after 
cutaneous or subeutaneous inoculation of small doses of the 
pneumonie strain and exhibiting at necropsy hemorrhages about 
the point of inoculation, typical buboes, and acute, splenic tumor. 


DONKEYS. 


Some evidence was introduced at the International Plague 
Conference to show that donkeys became infected with pneu- 
monic plague during the epidemic. Dr. W. S. Yang reported to 
the Conference * the death of 10 donkeys, the first of which died 
with cough and expectoration of blood. In the case of one of 
these animals, à necropsy was performed and cultures were made 
from the heart, spleen, lungs, and liver. All of these cultures 
were said to show plague bacilli. It was also announced that 
Doctor Otsuki in Fushun had observed at necropsy 2 donkeys in 
which there was hepatization of the lungs, in one in the right 
and in the other in the left caudal lobe. The pathological 


*Petrie has shown (Report of the International Plague Conference, 
р. 235) that Arctomys bobac Schreb. found in Manchuria may be infected 
with the flea, Ceratophyllus silantievi Wagner, and that this flea will bite 
man. Tiraboschi and D-Kolbasenko have also described fleas on the tar- 
bagan in Russia. 

* For the details of these experiments, see Report of the International 
Plague Conference, pp. 237 and 385. 

* Ibid., p. 440. 
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changes in the lungs were said to be similar to those seen in the 
cases of human infection. In regard to the question of plague 
infection in donkeys, the Conference resolved that the question 
of the occurrence of pneumonie plague in these animals should 
be made the subject of a special study with regard to their 
liability to the infection. We, accordingly, have attempted to 
infect donkeys experimentally with pneumonic plague by spray- 
ing suspensions of virulent strains of pneumonic-plague bacilli 
into a closed canvas bag, fastened about the donkey’s head in 
such a manner that it was necessary for the animal to inhale 
the bacteria in breathing. The experiments were performed as 
follows: 


Experiment 1.—September 16. Two 48-hour agar-slant-cultures of a 
virulent pneumonie strain of the plague bacillus (isolated a few days 
previously from monkey No. 5635, which died of pneumonie plague) were 
suspended in saline solution and two-fifths of this suspension sprayed into 
the sacks surrounding the head of each of 2 donkeys. One of the donkeys 
coughed several times while the spraying was continued, The time of the 
spraying occupied from three to four minutes. The remaining quantity 
of the suspension of the agar-cultures, used in attempting to infect the 
donkeys, was sprayed into a closed glass cage containing 6 guinea pigs, 
and 5 loops of the same suspension were rubbed over the shaved abdomen 
of another guinea pig. All of these guinea pigs died of plague infection, 
the first six either of pneumonia or septicemia with involvement of the 
cervical glands and the seventh guinea pig of bubonic infection. Both of 
the donkeys remained entirely healthy. 

Experiment 2.—September 29. One 48-hour agar-culture of a virulent 
pneumonic strain of Bacillus pestis, isolated a few days before from 
animal No. 5741, which died of plague infection, was suspended in about 
10 cubic centimeters of salt solution and about two-thirds of this suspension 
sprayed into both nostrils of a third donkey. The remainder of the sus- 
pension of this culture was then sprayed into a closed glass cage, containing 
6 control monkeys (Nos. 5771 to 5776). All of the monkeys died later 
of pneumonic-plague infection. The third donkey remained healthy. 

Experiment 8—October 7, A large pneumonie area of the left lower 
lobe of a monkey that had just succumbed to pneumonic-plague infection 
was cut into small pieces and crushed with a pair of forceps in salt solution 
and the lung thoroughly broken to pieces. The suspension amounted in 
volume to about ‘20 cubic centimeters. One-half of this suspension was 
sprayed into a canvas sack surrounding the nostrils and head of one 
donkey and nearly all of the other half into a second sack over the nostrils 
and head of a second donkey. Guinea pig (No. 5802) was also inoculated 
cutaneously with 5 озеп of this same suspension. The guinea pig died 
three days later with typical bubonic-plague infection. The two donkeys 
remained entirely healthy. ў 


Therefore, although we never failed to infect guinea pigs and 


monkeys with pneumonic plague by the same cultures which 
were sprayed into the nostrils of the donkeys, we were entirely 
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unable to infect the donkeys, even when they were made to in- 
hale air charged with the most virulent cultures of pneumonic 
strains of the plague bacillus for a period of as long as five 
minutes at a time. We, therefore, do not consider donkeys 
susceptible to pneumonic-plague infection, and these experiments 
render it doubtful that these animals played any part in the dis- 
semination of pneumonic plague during the Manchurian epide- 
mie, and suggest that in the reported cases of pneumonic plague 
in donkeys the infecting organism was not Baeillus pestis, but, 
perhaps, some other organism of the hemorrhagic septicaemia 
group, 
DOGS. 


At the Mukden Conference,’ 1 case of pneumonic-plague in- 
fection in a dog, observed by Doctor Takami, was referred to 
in which there was pneumonia in the caudal lobe of the left 
lung. This dog was found in a house where 7 people had died 
of plague infection. The Conference also resolved that the ques- 
tion of the occurrence of pneumonie Plague in dogs should be 
made the subject of special study with regard, to their liability 
to this infection. Accordingly, we also performed experiments 
with this object in view. The results were as follows: 

On November 4, 2 fully grown dogs were placed in a closed 
glass cage and a suspension of two 48-hour agar-cultures of a vir- 
ulent pneumonie strain of the plague bacillus was sprayed into 
the саре for two periods of two and one-half minutes, each after 
a brief interval between them. The first dog, No. 5880, died 
on November 9, five days after infection. The necropsy showed 
there was pneumonia of both lungs. In the right lung all the 
lobes were involved. Only a small portion at the apex of the 
upper lobe did not show pneumonia. In the left lung, both 
lobes, with the exception of the apex of the upper lobe, were 
also involved. The pneumonia was in the stage of engorgement 
with the exception of small bronchial areas scattered throughout, 
the lung, measuring from about 2 millimeters to 1 centimeter 
in diameter. These areas of bronchial pneumonia were grayish 
in color on the surface of the lung, and on section they were 
grayish at the periphery and in the center red and Slightly gran- 
ular. The areas were not wedge-shaped, but were circular in 
outline (see Plate XII, fig. 1). Smears from the lungs showed 
comparatively few plague bacilli and a few streptococci. The 
large bronchi were not reddened. There was much mucus in the 


* Loc. cit. 
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trachea, but the mucous membrane here was also not reddened. 
The cervical glands appeared normal. There was no cedema of 
the cervical tissues. The spleen was swollen, but contained no 
miliary abscesses. The liver showed cloudy swelling, and also 
contained no miliary abscesses. Microscopical preparations from 
the spleen showed a few plague bacilli. Cultures from the heart 
and lung developed numerous colonics of the plague bacillus. 

The other dog (No. 5881) died March 21, seventeen days after 
infection. He was considerably emaciated. The necropsy 
showed that the lymphatic glands were nowhere swollen. There 
were no hemorrhages or cedema in the tissues about the neck. 
The trachea and larger bronchi contained frothy, reddish mucus. 
The left lung was normal throughout. The upper lobe of the 
right showed advanced hepatization throughout and sank when 
placed in water. Two grayish wedge-shaped infarcts, measuring 
from 1 to 1.5 centimeters at the base, were present in this lobe. 
The whole lobe showed reddish-gray hepatization with beginning 
resolution. The middle and lower lobes were somewhat con- 
gested, but contained no pneumonic areas. Microscopical pre- 
parations from the lung showed fair numbers of Bacillus pestis. 
No other organism was present in the lung, as was demonstrated 
by cultures. Microscopical preparations from the spleen showed 
a few bipolar forms and a number of involution forms of the 
plague bacillus. 

Therefore, our experiments upon dogs show that these animals 
are only moderately susceptible to pneumonic plague but that, 
when exposed to severe infection, they may contract primary 
pneumonic plague and die of the disease. 

Shibayama* showed that dogs were not very susceptible to 
subeutaneous infection with the pneumonic strain, but that they 
sometimes succumbed from the subcutaneous inoculation of large 
doses or from intraperitoneal inoculation. 

Pigs.—1t was stated that over 300 pigs had died during the 
epidemic at Harbin, but there was no evidence presented which 
showed that the disease from which they succumbed was bubonic 
or pneumonic-plague infection, nor was any evidence submitted 
which showed that the disease was not hog cholera or swine 
plague. 


* Ibid., p. 46. 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION. 


1X. PROTECTIVE INOCULATION AGAINST PNEUMONIC 
PLAGUE. 


By RICHARD P, STRONG AND Oscar TEAGUE. 
{From the Biological Laboratory, Bureau of Science, Manila, P. I.) 


The epidemic of pneumonic plague, which raged in Manchuria 
and northern China during the winter of the year 1910-1911 
and which caused the death of over 50,000 people, brought 
before us, among other problems, one of partieular importance, 
namely, that of protective inoculation against the disease. 

The Chinese Government spent over 100,000 dollars (Mexican) 
on plague prophylacties during the epidemic, but, at its close, 
their efficacy was doubted. 

Inoculations with killed cultures were alone employed during 
the epidemic. One hundred and thirty-two people were inocula- 
ted at Harbin; 22 of these contracted plague, 18 after one in: 
jection, 8 after two injections, and 1 after three injections. 
Of the 8 who fell sick after two injections, 2 contracted plague 
six days, 2 ten days, 2 fourteen days, 1 twelve, and 1 twenty- 
seven days after the inoculation. Of the 13 who contracted 
plague after one injection, 12 contracted plague after two weeks 
and one after six days. 

Unfortunately, it was not possible to ascertain how many of 
those inoculated were afterward exposed to pneumonic-plague 
infection or how many, when exposed, protected themselves by 
the wearing of masks. Dr. Wu? reported to the Conference the 
case of Mr. Liu, a medical student who worked with pneumonie- 
plague patients for a whole month with no other precaution than 
masking. On January 2 he was inoculated, and eight days 
after he contracted pneumonic plague and died. He also reported 
the case of Dr. Hsu who was inoculated on January 4 and con- 
tracted pneumonic plague on January 22, and stated in addition 


? Report of the International Plague Conference held at Mukden, April, 
1911. Manila (1912), 332. 
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that of 20 other individuals who were inoculated at the same 
time none became infected. 

At Fuchiatien, 439 individuals were inoculated with Haffkine's 
vaccine and with antiplague serum. Sixteen individuals received 
three inoculations, two of Haffkine’s vaccine and one of serum. 
None of these became infected. Thirty individuals received two 
injections, either with Haffkine’s vaccine or with Haffkine's 
vaccine and serum. . None of these, also, became infected. Of 
393 individuals who were vaccinated once with Haffkine’s vac- 
cine, 4 died of plague, 1 eight days, 1 ten days, 1 eighteen days, 
and 1 ‘thirty-two days after inoculation. The same comment 
applies to these statistics, namely, that we have no evidence as to 
how many of the 439 individuals who were inoculated were 
subsequently exposed to infection and how many protected them- 
selves by the use of masks. 

Approximately 14,000 individuals were inoculated with killed 
cultures of the plague bacillus, during the epidemic, but the great 
majority of these individuals were never exposed to plague in- 
fection. Therefore, we have no positive evidence as to what pro- 
tection was conferred upon them by inoculation. The only defi- 
nite conclusion which, it appears, we were justified in drawing 
from the statistics obtained from the epidemic is that prophy- 
lactic inoculations, by means of dead cultures, have sometimes 
been ineffective in preventing pneumonic-plague infection. Some 
individuals, inoculated twice, and some even three times, have 
contracted the disease. - 

From the evidence presented before the International Plague 
Conference, held in Mukden in April, 1911, it was resolved by 
the Conference that the statistics, which were collected during 
the epidemic, did not allow of any definite conclusion about the 
value of active prophylactic inoculation against pneumonic plague. 
Nevertheless, the Conference further resolved that, as the statis- 
tical evidence pointed to the conclusion that some degree of 
protection is conferred against bubonie plague by the use of 
prophylacties, therefore, there were a priori grounds for the use 
of protective inoculation against pneumonie plague. 

The Conference, therefore, advised that experiments on the 
protective inoculation of animals should be carried on and the 
immunity of the animals tested by their exposure to infection to 
pneumonie plague by inhalation, in order to find out which pro- 
phylactic could be best used against pneumonic plague, and, if 
another outbreak of this disease should occur, that dead bacil- 
lary prophylactics, Lustig and Galeotti’s nucleo-proteid, and 
Strong’s method of vaccination, with a living attenuated culture, 
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should he tried in selected communities, under rigorous scientific 
conditions. А 

At the time the Conference was in session, there was no exper- 
imental evidence whatever as to the protection afforded by 
prophylactic inoculations against pneumonic plague, and no 
experiments of this nature in animals, other than the ones which 
will be discussed in this paper, hitherto have been reported. The 
reason for this appears to be obvious from the fact that there 
has been no other great epidemic of pneumonic plague within 
modern times, and the question of prophylactic inoculation in 
man, as a practical means of protection against this disease, 
during an epidemic, has not hitherto arisen. We, therefore, de- 
termined to investigate this question experimentally. The as- 
sumption that, because prophylactic inoculations furnish some 
degree of protection against bubonic plague they also would be 
protective against pneumonic-plague infection hardly would seem 
warranted, since the portal of entry of the infecting agent is so 
different in the two conditions. Moreover, the plague organism 
finds in the pulmonary tissues a much more favorable and exten- 
sive medium for its multiplication and diffusion than it does in 
the lymphatic glands. In bubonic plague, the lymphatic glands 
may be said to act as filters against the general invasion of the 
body by the plague bacillus, while in primary pneumonic plague 
there is no such mechanism for the defense of the host, the 
bacilli spreading rapidly throughout the lung and invading the 
circulation in every instance in a comparatively short time and 
apparently before the host has had time to produce any ap- 
preciable quantity of immune substances. The bronchial lym- 
phatic glands in primary pneumonie plague offer resistance to 
the invasion of the plague bacillus, and in every case of this 
disease these glands are very acutely inflamed and frequently 
almost of a black color from the resulting toxic hemorrhages in 
the glandular substance. However, by the time the bronchial 
glands have become involved, the bacteria have already spread 
so extensively throughout the lung substance that a bacteremia 
has usually occurred. 

The infectioa or immunity of the host, for certain bacteria, 
sometimes depends solely upon the portal of entry of the or- 
ganism; for example, the same quantity of cholera vibrios, in- 
jected subcutaneously in man or administered by the mouth, 
may produce entirely different results. In the former instance, 
a local and general reaction is obtained, but the bacteria quickly 
die, while in the latter instance, the vibrios may pass to and 
multiply in the intestines and Asiatic cholera result. 
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As another example of the importance of the portal of entry 
of the organism in relation to infection and immunity may be 
cited the fact that the tetanus bacillus, which frequently resides 
normally as a harmless commensal in the intestine of the horse, 
when injected beneath the skin of this animal, may produce 
tetanus and death. 

These examples serve to emphasize the importance of experi- 
mental work upon the subject of protective inoculation against 
pneumonie-plague infection, and show that it does not follow 
that, because there is evidence that protective inoculation is 
sometimes suecessful in the case of bubonic plague, it will neces- 
sarily also be efficient in the case of pneumonic plague. 

In our experiments in immunization, we used both guinea pigs 
and monkeys. ‘In selecting a method of prophylactic inoculation 
for the production of the immunity, we naturally chose the one 
of vaccination; that is, inoculation with a living attenuated or- 
ganism, as this method unquestionably has been shown to produce 
a much higher immunity against bubonic-plague infection than 
any other in which killed cultures of the plague organism or its 
extracts are employed. 

The accompanying Table I, taken from the previous experi- 
ments of one of us (Strong), shows the comparative value of the 
different methods of immunization employed against cutaneous 
and subcutaneous plague infection in animals. 


TABLE L—Combined table comparing efficiency of different methods of 
immunization. 


KILLED PEST CULTURES. 


| Narvos | Number |. име, 
umbes 
Kiné of animal and series No. inoc. | before 1 
ulated. [immunity | Percent- 
tested, | Number. ege, 
- | | 
i 
Monkeys: | 


Guinea pigs (killed agar-culture: 
Series 60 (total) 


° This Journal, See. В (1907), 2, 238. 
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TABLE L—Combined table comparing efficiency, ete—Continued. 
LIVING PEST AVIRULENT STRAIN I. 


| Number | 
Number | den | Immunized. 
inoc- | before 
ulated. | immunity 


E [ 
tested. | Number. | Percent 


Kind of animàl and series No. 


Monkeys: 


EXTRACTS OF PLAGUE BACILLUS (FREE RECEPTORS). 
Monkeys: 1 


Monkeys: 
Series 29 (total) ... 


Guinea pigs: 
Series 29.. 
Series 30.. 
Series 31.. 
Series 36. 
Series 42... 


Тош... 


234 STRONG AND TEAGUE. 


TABLE I.—Combined table comparing efficiency, etc.—Continued. 
NATURAL AGGRESSIN. 


Number Immunized. 
1 Number | „дева - 
Kind of animal and series No. noc- efore 
А ulated. [immunity | ber, Percent- 
же 
Guinea pigs: | i 
Series 35. 4 Е] 
4 334 
1 8 30 
1 
KLEIN'S METHOD. 
=>. j 
2 33% 
2 28 
EIER 2 30 
=| 


It is demonstrated that in the case of guinea pigs, vaccinated 
with an avirulent culture, about 80 per cent are protected against 
а severe cutaneous plague infection, and in monkeys, vaccinated 
in the same way, about 61 per cent are so protected against sub- 
cutaneous infection. 

It was possible to immunize against the same severe cutaneous 
test but 26 per cent of the guinea pigs with killed cultures. 
Kolle and Otto, in numerous previous experiments on guinea 
pigs, were never able to immunize more than 10 per cent of 
these animals by means of repeated inoculations of killed cultures. 
It will be noted also in the accompanying table that in the 
experiments in which living attenuated cultures were used for 
the immunization of guinea pigs, in one series 72 per cent and 
in another 88 per cent were protected against cutaneous infec- 
tion. These experiments are confirmatory of the statement 
that the living attenuated culture gives a much higher degree of 
immunity against cutaneous plague infection than a killed one. 

Tn order to retest the value for immunization against cutaneous 
infection of the culture used for the vaccination in the experi- 
ments recorded in this paper, the following experiment was 
performed: 

EXPERIMENT NO. 1. 

Twenty-four guinea pigs each received subcutaneously on June 9, 1911, 
one 48-hour agar-slant-culture of living avirulent plague. One died (in- 
traperitoneal inoculation) in less than twenty-four hours after vacaination 


and the. others survived. Two weeks later, 11 of these vaccinated guinea 
pigs were subjected to infection with virulent plague bacilli by cutaneous 
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inoculation in order to retest the value for immunization against cutaneous 
infection of the culture used for the vaccination in the experiments re- 
corded in this paper. The 12 remaining vaccinated guinea pigs were 
subjected to infection by inhalation on the same day. The virulent culture 
used was isolated from our human case (No. 9) of рпецтошс plague at 
Mukden. The culture was passed through a guinea pig and a monkey, and 
fresh cultures on agar from the monkey's blood were employed in the 
experiment. 

The 11 vaccinated guinea pigs, together with 12 normal guinea pigs 
as controls, were subjected to cutaneous inoculation in the following 
manner: The growth of one agar slant of the virulent culture just described 
was suspended in 5 cubic centimeters of peptone solution and 5 езеп of this 
suspension were rubbed over the shaved and scarified abdomen of each 
of the guinea pigs, The result was as follows: 


Cutaneous infection. 


Vaccinated guinea pigs.» | Normal guinea pigs, è 


No. 0281 survived, 
No. 5282 died in 13 days. 
No. 5283 survived, 
No. 5284 survived. 

No. 6285 died in 14 days. 
| No. 5286 died in 7 days, 
i 
i 


No, 5364 died in 8 days, 
No. 6865 died in 6 days. 
No. 5287 died in 6 days. | No. 5366 died in 9 days. 


No. 5288 survived. 
No. 8259 died in 7 days, 
No. 5290 survived, 
No. 5291 survived. 


No. 5361 died in 4 days. 
No. 5368 died in 6 days. 
No. 5369 died in 5 days. 
No. 6310 died in 8 days, 
No. 5371 died in 6 days, 


з Total: 6 survived; 5 died, 
> Total: 0 survived ; 12 died. 


Fifty-five per cent of the vaccinated guinea pigs and none of 
the controls survived. This experiment merely demonstrated 
the immunizing value of the culture against cutaneous or bubonic 
infection. It is desired to emphasize again the fact that guinea 
pigs can usually only be successfully immunized against cuta- 
neous or bubonic infection by means of a living attenuated 
eulture. Only a very few of the animals inoculated with killed 
cultures, when exposed to infection, survive. 

For the purpose of testing the immunity of the remaining 12 
vaccinated guinea pigs against pneumonie infection, the growth 
of two agar slants of the virulent culture described above was sus- 
pended in 30 cubic centimeters of normal saline solution. This 
was placed in a glass receiver of an ordinary nasal spray. Air 
was supplied by a hand:force-pump and rubber tubing connection. 
The suspension could, in this manner, be sprayed in a ‘fine vapor 
for a distance of several feet. Six vaccinated and six normal 
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guinea pigs were placed together in a closed glass cage about .75 
meter square, the nozzle of the spray introduced at one side 
of the cage, and the suspension sprayed into the cage for about 
one minute. The position of the nozzle was then changed to the 
opposite side of the cage, and the suspension then sprayed for 
another minute. The animals remained in the closed cage about 
ten minutes after the spraying was discontinued. The other 6 
vaccinated guinea pigs with 6 controls were sprayed in like 
manner in a similar cage. While performing all of the spraying 
experiments referred to in this article, we always wore masks* 
and goggles, such as we employed when working with pneu- 
monic-plague patients during the recent epidemic in Manchuria. 
Rubber gloves were also worn in handling the animals. ' 
The result in this first series of animals was as follows: 


Series I.—Infection by inhalation. 


Vaccinated guinea pigs.» | Normal guinea pigs. ^ 


No. 5268 died in 6 days. | No. 5348 died in 4 days. 
Ко. 5269 died іп 6 days. , No. 5349 died in 4 days. 


No. 5270 survived. No. 6850 died in 4 days. 
No, 5273 survived, No. 5351 died in 5 days. 
No, 5275 survived. No. 6353 died in 18 days. 
No. 5276 eurvived. No. 6354 died in 4 daya. 
No, 5211 survived. No, 5355 died in 3 days, 
No, 6278 died in 6days. | No. 5256 died in 4 days, 
No. 5219 survived. No. 5367 died in 4 days. 
No, 5280 survived. No. 5358 died in 3 days. 


No. 5274 survived. No. 6352 died in 21 days. | 
No. 6359 died in $ days, | 


^ Total: 8 survived; 3 died. 
? Total: 0 survived; 12 died. 


In this series 72.7 per cent of the vaccinated animals survived, 
while all of the unvaccinated control ones died of plague in- 
fection. 

EXPERIMENT NO. 2. 


On August 10, 1915 cach of 24 guinea pigs of a second series was 
vaccinated with one agar slant of a.48-hour culture of avirulent plague 
and 23 survived the treatment; one died of an injury. Four weeks later, 
these vaccinated guinea pigs, together with 24 controls, were subjected 
to infection by inhalation with a virulent strain of plague. The culture 
used was originally obtained from a pneumonic-plague necropsy at Muk- 


*The experiments of Barber and Teague, see XII, p. 255 of this report, 
demonstrate that this mask (the Mukden type) was not a safe protection 
while carrying on these inhalation experiments. Fortunately, we escaped 
pneumonic-plague infection, probably because the spray was not directed 
toward us but into the cage. 
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den. After passage through a number of guinea pigs, a monkey was 
infected with the strain by inhalation. The monkey died of pneumonie 
plague, and a guinea pig was inoculated cutaneously with a portion of 
the pneumonie lung of the monkey. The culture sprayed was obtained 
from the blood of this guinea pig. The growth of two agar-siant-cultures 
was suspended in about 40 cubic centimeters of normal saline solution 
and about two-thirds of the suspension was sprayed into the cages as in 
the preceding experiment. The result was as follows: 


SERIES IL—JInfection by inhalation. 


Vaccinated guinea pigs. | Normal guinca pigs. 


No. 5568 died in 4 days. No. 8617 died in 8 days. 

No. 5569 survived. No. 6618 died in 4 days, 

No. 8510 died in 4 days. No. 5619 died in 4 days. 

No, 5511 survived. No. 6620 died in 3 days, 

No, 5572 died in 3 days. No. 5621 died in 4 days. 

No, 5573 survived. No, 5622 died in 3days. 
| No, 5574 died in 10 days. | No. 5623 died in 4 days. 
| No. 5575 survived. No. 5624 died in 2 days. 

No. 5576 survived, No. 5625 died in 6 days. 

No. 5578 survived. No. 5626 died in 4 days. 

Мо, 5679 survived. No. 5627 died in 4 days, 

No. 5580 survived. No, 5628 died in 3 days. 

No, 5581 survived, No. 5629 survived. 

Жо. 5582 survived. No, 5630 dit 3 days. 
| No. 5583 survived, No. 5631 died in 3 days. 
| No. 5984 survived. ^ No. 5632 died in 4 days. 

No. 5585 survived, No, 5038 died in 5 days. 

No, 6588 survived. No, 5634 died in 4 days. 

No. 5581 survived. 1 No. 5635 died in 3 days. 
| No. 5058 died inTdays. | No. 5630 died in 8 days. 
1 No. 5589 survived. No. 5837 died in 3 days. 


Ко. 5590 died in 5 days. | No. 5638 died in 4 days. 
No. 5691 died im Tdays. | No. 5639 died in 4 days. 
No. 5640 died in 3 days. 


* Total: 16 survived ; 7 died. 
® Total: 1 survived ; 23 died. 


Sixteen, or 69.6 per cent, of the vaccinated’ animals survived, 
while all but one of the control ones (that is, 4.1 per cent) died 
of plague infection. This one control animal probably screened 
itself in some way behind the other guinea pigs and thus avoided 
infection. 


Summary of all inhalation experiments upon guinea pigs. 


[ Percent- 
| Guinea pigs. | Total :Survived.| age of 
i survival. 


10.6 
2.8 


Se 
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Therefore, from these two series of experiments, we see that 
70.6 per cent of the vaccinated animals proved immune when 
exposed to infection by means of spraying virulent plague bacilli 
into the air which they breathed, and hence were immune to this 
method of infection. However, it is necessary to examine closely 
into the nature of this immunity. 

It is seen that of 36 control unvaccinated guinea pigs, all 
except one succumbed to the infection induced by spraying. 
Upon post-mortem examination, the following changes, which 
applied to practically all of the control animals, were en- 
countered, In general, there were marked evidences of plague 
infection about the tissues of the neck and throat. The sub- 
cutaneous tissues showed extensive cedema, and there was swell-. 
ing of the lymphatic glands of the neck and of those about the 
trachea. Usually the glands were not only swollen but more 
or less hemorrhagic, and had the appearance of small buboes. 
Throughout the body, marked evidence of septicemia was 
usually present. There were frequently extensive hemorrhages 
in the intestinal wall. The spleen sometimes showed the typical 
changes encountered in plague infection with miliary abscesses. 
Pneumonia was present in only about 23 per cent of the control 
animals. These changes suggest that the primary point of 
infection evidently was located in the mucous membranes of 
the throat and that it did not usually occur in the bronchi or 
alveoli of the lung. From these lesions it would appear that 
normal guinea pigs, under the conditions of the experiment in 
which the spraying was carried on, do not usually develop 
primary plague pneumonia, but that infection occurs through 
the mucous membranes of the mouth and throat and infection 
and sometimes buboes of the glands of the neck and septicemia 
result, It would appear that in guinea pigs, either on account of 
too shallow respirations or the small size of the larynx and 
trachea, the bacteria are not so likely to penetrate to the smaller 
bronchi by means of the inspired air. Instead, they are appar- 
ently arrested by the mucous membrane of the throat. Attention 
must be called to the fact that the spray employed was not so 
fine a one as that used in the subsequent experiments on monkeys 
and that the bacteria were, therefore, sprayed in larger particles 
in the first two series of experiments. Whatever the reason, 
however, the fact remains that primary pneumonie infection 
in the guinea pigs did not usually result, "Therefore, the con- 
clusions that can be drawn regarding the vaccinated guinea pigs 
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are that 70 per cent of these animals appeared to be immune 
against plague infection entering through the mucous mem- 
branes of the mouth and throat, but one can not conclude that 
this same percentage of animals would have proved to be im- 
mune if the organism really had been introduced directly into 
the lung by the bronchi. 

Let us consider the experiments in relation to monkeys which 
give us much clearer information regarding immunization 
against pneumonic plague. Three series of experiments were 
performed as follows: 


EXPERIMENT NO, 3. 


Eleven‘ monkeys were vaccinated on June 28, 1911, each with one 48- 
hour agar-culture of avirulent plague. They were subjected to infection 
by inhalation as follows: Two vaccinated monkeys with two controls on 
July 7; 5 vaccinated ones with 5 controls on July 12; 5 vaccinated ones 
with 6 controls on July 14. The general mode of procedure was the same 
as in the preceding experiments. The result was as follows: 


SERIES Ill.—Infeetion by inhalation. 


Vaccinuted monkeys.‘ Normal monkeys. è 


No. 5404 died in 6 days. | No. 5437 died in 4 days. 
- 5886 died їп б days. | Мо. 5438 died in 4 days, 
. 5384 died in 6 days. | No.5430dfed in 5 days. 
. 5394 died in 5 days. | No. 5440 died in 5 days. 
Ко. 5393 died in 5 days. | No, S601 died in & days. 
No. 5400 died їп 4 days. | No. 5124 died in 3 days. 
No, 5401 survived. No, 5125 died in 3 days, 
No. 5387 died in 3 days. | No. 5491 died in 4 daye. 
No. 5359 died in 5 days. | No, 5492 died in 3 days. 
No, 5403 died in 5 days, No. 5493 died in 4 days. 
No. 5390 died in 4 days. | No, 5494 died in 3 days. 
No. 5495 died in 3 days, 


ваа 


* Total: Survived, 1; died, 10. 
^ Total: Survived, 0; died, 12. 


Only one of the vaccinated monkeys, or 9 per cent, survived, 
while all of the controls died of pneumonic infection. 


EXPERIMENT NO. 4. 


On September 15, 1911, twenty-two monkeys were vaccinated each with 
one 48-hour agar-culture of living avirulent plague bacilli. Two weeks 
later they, together with 22 unvaccinated monkeys, were subjected to 


“Additional monkeys were vaccinated in this and the following series 
but died in a cachectie condition before the date for testing their immunity 
arrived. In no instance were we able to show that they died of plague. 


240 STRONG AND TEAGUE. 


infection by inhalation with a pneumonie strain which had been passed 
through a series of guinea pigs. The growth from 3 agar-slant-cultures 
was suspended in about 40 cubic centimeters of normal saline solution and 
all of this suspension was used for the spraying. Only three or four 
vaccinated monkeys with the same number of controls were placed in a 
cage at a time during the spraying. They were then, of course, placed 
in separate cages. The result of the experiment was as follows: 


Series IV.—Infection by inhalation. 


Vaccinated monkeys. e Normal monkeys, 
No. 5704 survived. No. 5771 survived. 

No. 5706 died in 6 days. | No, 5772 died in 5 days. 
No. 5107 survived. No. 5773 died in 5 days. 


Ne. 5108 died in 4 дауа. | No. 5774 died in 6 days. 
No. 8709 died in 6 days. | No, 5715 survived. 

No. 5710 died in § days. | No. 5776 died in 5 days. 
No. STIL died іп 5 days. | No. 5777 died in 5 days. 
No. 5112 survived. No. 5778 died in 6 days. 
No, 5713 died їп 7 days. | No. 5779 died in 6 days, 
No. 5714 died in 8 days. | No. 5780 died in 5 days. 
No, 5715 survived, No. 6761 died in 5 days. 
No. 5716 died in 6 days. | No. 5782 died in 6 days. 
No. 5717 died in 5 days. | No. 5183 died in 8 days. 
No. 5718 died in 6 days. | No. 5784 survived. 

1 No. 6119 died in 8 days, | No, 5785 died in 6 days. 


| No. 6720 survived. "No. 5786 died in 4 days. 
No. 5721 survived. No. 5787 died in 4 days. 
No. 5722 survived. No. 5738 died in 5 days, 
No. 5724 survived. No. 5789 died in 4 days. | 


No. 5125 died in 6 days. | No. 5190 died in 5 days. 
Мо, 5726 died in6days. | No. 5791 survived, 
No. 5727 survived, Мо. 5792 died in 5 days. 


"Total: Survived, 9; died, 13. = 
b Total: Survived, 4; died, 18. 

Nine, or 40.5 per cent, of the vaccinated monkeys survived, 
while 4, or 18.1 per cent, of the unvaccinated control ones also 
survived. In this experiment, evidently the method of produc- 
ing the infection was not satisfactory, since four of the control 
unvaccinated monkeys did not develop plague infection. The 
results obtained in Series ТУ, therefore, do not give as valuable 
information as do the results obtained in Series HI and V. 


EXPERIMENT NO. 5. 


On October 18, 1911, twenty-one monkeys were each vaccinated subcuta- 
neously with one 48-hour agar-slant-culture of living avirulent plague 
bacilli. On November 2, these animals and 21 control unvaccinated ones 
were exposed to infection by inhalation in the same manner as in the 
preceding experiments. 'The result may be tabulated as follows: 
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SERIES V.—infection. by inhalation. 
" З 
Vaccinated monikeys.* Normal monkeys. b 


No. 6818 died in 5 days. No. 6854 died in 2 days, 
No. 5819 died in 6 days, | No. 6855 died ín 5 days. 
Мо, 5820 died in 5 days, | No. 5856 died in 5 days, 
No. 6822 survived. No. $887 died in 7 days. 
No, 5823 died in 5 days, 
No. 5824 died in 2 days. » 5859 died in 5 days. 
Мо, 5825 died in 6days. | No. 6260 died in 5 days. 
No. 5826 died in 6days. | No. 5861 died in 5 days. 
No. 6821 died in 6 days. | Мо. 5862 died in 5 days. 
Ко. 5828 died in 6 days, | No. 5863 died in 6 days. 
No. 5829 died in 5 days. | No, 5864 died in 5 days. 
No. 5830 died in 5 days. ' No. 5865 died in 5 days, 
Ко. 5841 died in 5 days. No. 5856 died in 2 days. 
, No. 5832 died in 2days, | No, 5867 died in 5 days. 
| No. 5833 died in 9 days. | No. 6968 died in 2 days. 
| 


Мо. 5834 survived. | No. 5869 died in 5 days. 
Мо. 5835 died in 6days. | No, 5870 died in 2 days. 
| No. 5871 died in Б days, 
No. 5872 died In 5 days. 
No. 5873 died in 5 days. 
No. 5840 died in 6 days. | No, 5814 died in 5 days. 


* Total: Survived, 2; died, 19. 
> Total: Survived, e died, 21. 
Only 2, or 9.5 per cent, of the vaccinated animals survived, 
while all of the contro] monkeys died of pneumonic-plague 


infection. 
Summary of all experiments upon monkeys. 


دس — | = 2 


| Vaccinated monkeys. Normat monkeys. 
i 


i Percent: | | | Pereene- 


| 

Series. i 
Survived. | Died. : axe of Survived. Died. | “age of | 

| arrivals, | i [survivals 

9: п! 4 4 sj 18 | 

2 9| 9.6 o au] o i 

1 | ю! s: 9| mi o | 

2i 42 2 | | 


| ‘j a] 13 


As we have done in the case of the unvaccinated guinea pigs, 
so it will be advisable in the case of the unvaccinated normal 
monkeys to examine into the character of the infection. The 
following observations apply to practically all of these control 
animals. At necropsy, there was absence of any sign of plague 
infection about the tissues of the neck. The submaxillary and 
cervical lymphatic glands and those about the trachea were 

105930——8 
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not swollen, nor was there any oedema of the cervical tissues, 
as was practically always seen in the control guinea pigs. In 
a number of cases, the tonsils were examined and found to be 
normal There was frequently cedematous fluid in the trachea. 
The larynx and vocal cords were, as a rule, not injected. Ina 
few cases the trachea was slightly reddened. There were not 
such marked evidences of a septicaemia as seen in the control 
guinea pigs. No hemorrhages were noted in the intestines and 
omentum. The spleen and liver showed no miliary abscesses, 

There were no cervical, axillary, nor inguinal buboes. The 
lungs showed primary pneumonia in every case. There was 
always much cedema of the lung. The pneumonia was either 
in the stage of engorgement or of red or early gray hepatiza- 
tion. In a number of the cases, a pleuritic exudate was ob- 
served over the hepatized arcas. The plague bacilli were always 
most numerous in the lungs. 

From these observations, it is obvious that the infection in 
monkeys occurred by inhalation and resulted in primary plague 
pneumonia. It also is evident that in some instances, in which 
monkeys are exposed to infection by inhalation, the primary 
point of infection may not only be the lungs but also the mucous 
membranes of the mouth and throat. That plague infection 
may occur through the mucous membranes of the mouth and 
throat in monkeys was demonstrated by placing a small quan- 
tity of plague bacilli, by means of a glass rod, on the posterior 
portion of the throat.* 

These animals all died of plague septicemia, with or with- 
out infection of the glands of the neck, That is, in the cases 
in which the infection was severe and the susceptibility of the 
animals more marked, the animals succumbed to septicemia 
before cervical buboes developed. In none of these instances 
was pneumonia present. Primary plague pneumonia only results 
when infection by inhalation has in addition taken place. 

Therefore, experiments performed with monkeys in the vac- 
cination and subsequent infection of the animals by inhalation 
give us much more valuable information in regard to the pro- 
tection afforded by vaccination against pneumonie plague than 
do those performed with the guinea pigs. In the instances 
where the infection was severe and all of the control unvac- 
cinated monkeys succumbed to pneumonic-plague infection, only 
9 per cent of the vaccinated monkeys survived. 


+ See ТУ, p. 176 of this report. 
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In conclusion, our experiments have demonstrated that vac- 
cination does not afford the same protection against pneumonie 
plague that it does against bubonic plague in experimental 
animals. They indicate Strongly that prophylactic inoculation 
can not be relied upon as even a reasonable means of protection 
against pneumonic infection in man, It would appear that a 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION. 


X. IMMUNIZATION OF GUINEA PIGS BY VACCINATION WITH 
AVIRULENT PLAGUE BACILLI MIXED WITH AGAR. 


By M. A. BARBER, 
(From the Biological Laboratory, Bureau of Science, Manila, P. I.) 


The object of this research was to test the behavior of doses 
of an avirulent organism when mixed with agar and to com- 
pare the immunizing effect of such doses with that of the 
organism alone. Plague was chosen as a convenient test or- 
ganism since it grows well in agar and has been shown by 
Strong? and Kolle and Otto? to immunize about 70 to 83 per 
cent of guinea pigs when given alone in doses of 1 to 2 agar- 
slant-cultures. 

The mixture of the avirulent organism with agar aims at 
the following possible advantages: 

1. A very small initial dose may be given, lessening the dan- 
gers of anaphylactic or other intoxication; 2, the gradual absorp- 
tion of agar, and with it the growing colonies of bacteria and 
their products insures dosage that is gradual and, for a time, 
gradually increasing; 3, one inoculation may insure a dosage 
extending over considerable time; 4, a local reaction is set up 
by the agar which, in some cases, might favorably affect. im- 
munization, 

The technique is simple. Nutrient agar of the ordinary sort, 
or, in some cases, made somewhat stiffer than usual, was melted, 
cooled to about 43°C., and a known amount of bacilli thoroughly 
mixed with it. Quantities of the still liquid mixture, varying 


? This Journal, Sec. B. (1901), 2, 155. 
? Ztschr, f. Hyg. и. Infectionskrankh. (1908), 45, 512; 48, 399. 
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from 0.25 to 6 cubic centimeters, were inoculated both subcu- 
taneously and intraperitoneally by means of an ordinary syringe. 
Especial precautions were taken against contamination; for a 
contaminating organism might develop rapidly under protec- 
tion of the agar. The escape of the still liquid agar could be 
prevented by applying ice or cold water to the point of inocula- 
tion after withdrawing the needle. 

It was found that if the agar mass was deposited immediately 
under the skin, necrosis of the overlying skin sometimes oc- 
curred. This could be avoided by depositing the agar well into 
the subcutaneous tissues. Few cases of death due to a contami- 
nating organism occurred. 

In order to observe the behavior of the inoculations, animals, 
some of them inoculated with agar alone and some with the 
agar pest mixture, were sacrificed at the following periods after 
inoculation: three and one-half hours, twenty-one hours, forty- 
eight hours, three days, four days, five days, six days, seven 
days, twenty-one days, and twenty-nine days. In all cases the 
agar mass with the surrounding tissues was studied in frozen 
Sections. 

The agar mass examined soon after inoculation was found to 
be permeated by connective tissue fibers more or less stretched 
by the agar. Within a few hours leucocytes begin to invade 
the mass, following the larger strands of connective tissue. They 
become more and more abundant as time goes on, and within 
two or three days part of the mass may become semifluid. This 
was more marked in the agar and pest inoculations. Areas of 
agar could be detected up to the twenty-ninth day, at least. 
Colonies of plague, some of them 30 ри in diameter, were found 
scattered in the agar mass as early as twenty-one hours after 
inoculation and as late as five days. As the time went on the 
agar became more and more invaded by leucocytes and the zone 
of granulation tissue encroached more and more on the agar, 
until nothing but a small hard lump of scar tissue could be felt. 
In some cases this lump could be felt as late as two months after 
inoculation. In a few cases a softer abscess persisted many 
weeks. 

The contents of the agar mass was examined for plague bacilli 
in all sacrificed animals and in some living animals by withdraw- 
ing some of the mass by means of a glass capillary pipette. 
Living plague bacilli were detected in practically all sacrificed 
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animals, and in 3 cases of living animals twenty-five days after 
inoculation in pure culture. On account of the lack of virulence 
of this strain of plague, it was impossible to identify it by guinea 
pig inoculations; but the morphology, staining, and character- 
istic growth on various media, including the growth in broth 

7 covered with sterile vaseline, served to identify the organism 
satisfactorily, The fact that several tests showed the same 
plague-like organism in pure culture helped to confirm the iden- 
tification. One animal inoculated with 3 cubic centimeters of 
agar with avirulent plague bacilli died from some unknown cause 
twenty-nine days after inoculation, In it the avirulent plague 
bacillus in apparently pure culture was found at the point of 
inoculation, while no growth of any sort was obtained from the 
spleen, liver, lungs, or peritoneal cavity. There was still a small 
mass of agar remaining. This case is the more remarkable 
since there had been some necrosis of the skin over the inoculated 
agar, This had entirely healed at the time of the death of the 
animal. 

It was demonstrated then that, following a small initial dose 
of avirulent pest bacilli in agar, pest colonies form in the agar, 
a portion of agar remains as long as twenty-nine days, and that 
pest bacilli may be recovered in pure culture after that inter- 
val. Gradual dosage over a long period of time may, therefore, 
be attained by this method. 

To test for immunity, the animals inoculated with the agar- 
avirulent-pest were subjected to infection with virulent plague 
bacilli. In the first group, included under Table I, relatively 
small amounts of pest bacilli were mixed with the agar and 
various quantities of agar were inoculated. The test dose in all 
animals included in Table I was 0.5 cubic centimeter of a suspen- 
sion of a 24-hour culture made directly from an infected guinea 
pig. This strain had been kept at a high degree of virulence 
by long passage through guinea pigs and was regularly fatal to 
guinea pigs, inoculated cutaneously, in three to five days. ‘The 
number of bacteria in the test dose was estimated by means of 
the Thoma Zeiss counting chamber at 750,000, counting each 
element of a chain as one. By plating dilutions, the test dose 
gave 390,000 colonies, a lower number than that obtained by 
counting, since a chain or united pair could give but one colony. 
The test dose was given subcutaneously. 
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TABLE I. 
! Average 
Num- табар. 
der of Died of days o 
i i Весоу- | survival 
ыш» | Previous treatment. | кы ered, |afterinoc- Remarks. 
inocu- are ulation 
latcd, in fatal i 


cases. 


| Marked infiltrationatpoint | 


| 1 | Recovered from infection with | — 0 i 1 
| virulent plague. | | of inoculation. ; 
2 | Recovered from infection with; 0 2 |...........] Marked infiltration at point 


plague strain “Shanghai.” of inoculation, 


16 | No previous immunization... 16 о 4.8 | 
* | Avirulent pest alone (about ie 2 0 11,0 | 
slope). | ! 
2 | About 10 loop of avirulent pest | 2 oj 6.5 || Immunizing doses given | 
іп рапа | сс. agar. | from 20 to 60 days before 
4 About дай loop in 1 ce. ordi-| 3 É 5.3 j] test dose. 
| nary agar. | 
2 | About 139s loop in 1 cc. 4 per | 1" 1 3 
| cent agar. 1 
1 | About reise Joop in 2 ce. 4 per 1 0 6 || All agar and pest given 
cent agar. | subcutaneously exceptin | 
1| About узбо loop in 3 ce. 4 per | о з || last-mentioned group of 
| cont agar. i 5 where inoculation was 
9 About robo loop in 3 ce. 4 per i 3 8.8 || intraperitoneal. 
cent agar. 1 
5 About yakoo loop in 1 се. ordi- 2 3 5 . 
nary agar. | 


In the series represented by Table I, all nonimmunized con- 
trols died of plague within six days after inoculation, except one 
which survived nine days. The 16 in this group include 6 which 
were inoculated without infection some two to three months 
previously with single small doses of 2 to 100 plague bacilli, 
either virulent or of the “Shanghai” strain—a somewhat atten- 
uated race, There was apparently no immunizing effect of these 
single small doses. Of the immunized group, the two which 
received avirulent pest bacilli alone in a considerable dose (about 
1 cubic centimeter of a thin suspension) died in thirteen and nine 
days after the test dose. Of the 24 which had received avirulent 
pest in agar, 8 recovered from the test dose. 

In Table II are given the results for a second group of guinea 
pigs. Here all animals received in immunization a much larger 
amount of avirulent plague in a larger amount of agar and the 
doses were given intraperitoneally. The test dose was in ail 
cases given thirty-seven days after the avirulent pest agar. This 
test dose consisted of about 500,000 bacteria of the same 
highly virulent strain as that used in the first group, and was 
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taken from an 18-hour culture made directly from an infected 
guinea pig and inoculated subcutaneously. 


TABLE II. 

Average 

H number of| 

Mun Died of Re Save of 
cr ovs tL Gd i ecov-| survival 

inocu- Previous treatment. plague ered. | after in- Remarks, 

lated, oculation; 
fatal 
cases, 

8 | Highly immunized survivors of o --| Slight local infiltration. 


| test dose, Table 1. 
7| Nonimmunized ..... 

5 | Avirelent pest alone. 1slope.... 
2 | Avirulent nest alone. 3 slope... 
1 
3 


Avirulent pest alone, 2 slope. 
Avirulent pest 1 slope in 5 to 65 
cc. ordinary agar. 


2 | Avirulent pest $ slope in бес. or- ° p x 
dinary agar. 
8] Avitulent pest fs slope in 5 ec. 3; 2 6.3 


ordinary араг. 
А Е 


In Table II it is seen that of this group all highly immunized 
animals survived with but little reaction, all nonimmunized 
controls died, and of the 8 receiving avirulent pest alone and 
of the 10 receiving agar and avirulent pest one-half survived 
in each group. The results of this series were somewhat less 
favorable than that done with the smaller doses, 

Summarizing the results of the two groups, it is seen that the 
proportion of recoveries following an immunization with this 
Strain of avirulent plague mixed with agar (one-third in group 
І and one-half in group 2) is rather less than the proportion 
obtained by Strong with avirulent pest alone. In the series 
described here the number of controls which received avirulent 
pest alone was too few and the doses, for the most part, too small 
to give a fair comparison. These series were at first intended 
to serve only as preliminary ones, but the results did not seem 
favorable enough to warrant a further series with this strain of 
avirulent plague. The relative inefficacy of this method is shown 
especially by 3 animals inoculated subcutaneously with agar and 
avirulent plague. These three showed avirulent plague at the 
point of inoculation in pure culture twenty-five days after inocu- 
lation, yet 2 of the 3 succumbed to the test dose of three-fourths 
million virulent plague. 

As regard the relative immunizing power of single small initial 
doses of avirulent plague in agar compared with much larger 
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doses given alone, the above series show more decisive results. 
While in no case was immunization to the test dose effected 
by less than one 24-hour agar-slant-culture of avirulent pest 
bacilli alone, the 22 which received only 1/10,000 to 3/10,000 
of a loop mixed with agar gave 8 recoveries. This result, taken 
with the proof obtained of the long survival in animals of aviru- 
lent pest when inoculated with agar, gives some encouragement 
of success with a series inoculated with a slightly more virulent 
strain of plague in agar. Experiments with agar and organisms 
other than plague are now in progress. 

Summarized briefly, the results obtained demonstrate: 1, The 
long persistence of ordinary nutrient agar mixed with avirulent 
plague bacilli and inoculated subcutaneously in guinea pigs 
(twenty-nine days); 2, the long survival of avirulent plague 
bacilli in pure culture in such inoculation (twenty-five days and 
twenty-nine days); 8, the possibility of immunizing a propor- 
tion of animals with very small initial doses of avirulent plague 
bacilli in agar (1/10,000 loop). 

The results indicate that as good or better success may be 
obtained in immunizing with living avirulent plague bacilli alone 
as with doses mixed with agar. This is true of the strain of 
avirulent plague used. The method might give better results 
with another strain of avirulent plague or in immunization with 
some other organisms. 

ADDENDUM. 


It was noted that even with highly immunized animals which had sur- 
vived a severe infection with virulent plague some local reaction followed 
the test doses of avirulent plague. This was especially true of the animals 
in Table I receiving a test dose of three-fourths million. It was thought 
worth while to ascertain if a smaller dose would give in highly immunized 
animals such local reaction. Ten animals of the series described in Table 
I, which had survived an infection following a dose of three-fourths mil- 
lion avirulent bacilli, were inoculated subcutaneously with doses of from 
45 to 80 virulent plague bacilli. A similar dose was fatal to 7 out of 10 
nonimmunized controls. None of the three noninfected controls or of the 
10 immunized animals showed a local reaction greater than that which 
could be accounted for by the prick of the very fine capillary pipette 
used in inoculating. 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION. 


ХІ. THE INFECTION OF GUINEA PIGS, MONKEYS, AND RATS 
WITH DOSES OF PLAGUE BACILLI, RANGING 
FROM ONE BACILLUS UPWARDS. 


Ву M. А. BARBER. 
(From the Biological Laboratory, Bureau of Science, Manila, P. 1.) 


The method of isolation and inoculation of minute doses of 

bacilli has been described in various papers! by the writer and 
„ needs but a short description here, 

The organisms to be manipulated are suspended in hanging 
drops of liquid under a large cover glass. This cover is placed 
over a moist chamber consisting of a glass box open at one end, 
and the whole is mounted on the stage of the microscope. A 
glass pipette, the end of which is drawn into a microscopically 
fine capillary point, is attached to a special holder clamped to 
the stage of the microscope. The capillary point, bent upward 
at right angles, is raised by the holder into the hanging drop 
containing the bacilli, both bacilli and point being kept in view 
in the field of the microscope. The bacilli enter the point by 
capillarity and may then be discharged on a sterile part of the 
cover, or on a new cover, by blowing through a rubber tube 
attached to the outer end of the pipette. Doses thus isolated are 
taken up by a new sterile pipette and inoculated. The point is 
made to pierce the skin of the animal, and the dose is injected by 
blowing into the rubber tube attached to the pipette. Enough 
salt solution is drawn into the inoculation-pipette before taking 
up the dose to wash out the bacilli during the discharge, and 
just before inoculation, enough sterile salt solution 18 drawn in 
to wash the bacteria some distance back from the tip. This 
is done to prevent the loss of the dose by the breaking off of 


‘Sci. Bull, Kansas Univ. (1907), 4, 8. Journ. Infect. Dis. (1907), 5, 
380; (1906), 6, 634; (1911), 8, 348. 
251 


252 BARBER. 


the more delicate part of the tip during inoculation. That the 
bacteria pass into the animal with the inoculating fluid and do 
not remain behind in the pipette has been shown by a series of 
controls where organisms were discharged into a suitable culture- 
medium instead of into the animal. 

Most of the inoculations were made with a virulent strain 
of plague which has been fatal to guinea pigs usually in three 
to five days after cutaneous inoculaton. In the series “Shanghai,” 
а strain of somewhat less virulence was used. 

Bacilli were taken immediately from the blood or spleen of 
infected animals or from the first cultures made from these 
sources, In most cases bacilli from the heart’s blood or organs 
were grown for a few hours in hanging drop or test-tube in a 
mixture of body fiuid and water of condensation of ordinary 
agar. When the formation of chains showed that the organisms 
were multiplying, they were isolated and inoculated at once. 

Doses of 50 or less were carefully counted and larger doses 
were counted or closely estimated; but in the summary given 
here all doses are arranged in convenient groups. The doses 
of one-half and three-fourths million were estimated by the 
Thoma Zeiss counter. In the column giving the dosage, a pair 
of very short elements clinging closely together were, in some 
eases, reckoned as a single bacillus; though probably each ele- 
ment was capable of individual growth. 

АП animals were inoculated subcutaneously, the guinea pigs 
and monkeys under the skin of the abdomen, the rats at the root 
of the tail. 


TABLE 1—Guinea pigs and virulent plague. 


Result. 


Number | f Average 
(ог animais ا‎ miner 
дос” |Infeetea| Infected | мор | of days 
lated, | Infect and |, between 
and died. recovered, жады! юв: 

tion an 
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| Dose in number of bacilli, 
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Total number receiving doses of 1 to 500, 36. Por cent of fatal infections, 63.9. 
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TABLE IL— Guinea pigs and plague strain "Shanghai," 


| Result. | 
Number | 1 | | 
ө Number 
Е. Dose in number of Басин, (26 animal їй аы i ofdaya | 
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Results. 
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TABLE .IV.—Rats and virulent plague. 


Results. 
Number i | 
| Dose in number of bacili. fof animals, Infected i px 
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It will be noticed from Table I that the percentage of fatal 
infections in the guinea pigs receiving a dose of one bacillus of 
the virulent strain is nearly the same as that of the entire 36 
which received 1 to 500; namely, 63.9 percent and 66.7 per cent 
respectively. 
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The “Shanghai” strain, though evidently less infective, was in 
one case fatal in a dose of 5 bacilli. These results illustrate how 
large a part varying susceptibility of animals plays in infection, 
and emphasize the necessity of inoculating a seriés of animals in 
any test of virulence of a micrcórganism. 

In some guinea pig inoculations, one or few bacilli were 
washed with salt solution before inoculating and some of these 
washed doses resulted in fatal infection. Since a most minute 
quantity, if any at all, of the original body fluid was then 
inoculated, it does not seem probable that aggressins played any 
part in these infections. In the experiments on monkeys few 
succumbed to the small doses, though in two cases fatal infec- 
tion followed a dose of one bacillus. 

In the rat series the wild gray rat was used. One animal 
succumbed to a fatal infection following a dose consisting of 
one chain of four small elements, another to a dose of three 
bacilli, each divided into two still adherent elements. ‘Two 
other rats suceumbed to doses of 50 and 60, respectively, of 
such pairs. These results render more plausible the view that 
sufficient bacili for infection may enter the abraded skin from 
the fæces of a flea or a crushed flea. The English Plague Com- 
mission has shown that flea feces or flea bodies may contain 
very large numbers of plague bacilli. 

On the average, animals infected with minute doses survived 
nearly twice as long as those infected with three-fourths of a 
million or more. 

In summary, these results show conclusively that the smallest 
possible dose of virulent plague bacilli may infect fatally the 
more susceptible guinea pigs, monkeys, or rats. 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION. 


ХП. SOME EXPERIMENTS TO DETERMINE THE EFFICACY OF 
VARIOUS MASKS FOR PROTECTION AGAINST 
PNEUMONIC PLAGUE. 


By M. A. BARBER AND Oscar TEAGUE. 
{From the Biological Laboratory, Bureau of Science, Manila, P. 1.) 


During the epidemic of pneumonie plague which raged in 
Manchuria during the winter of 1910 to 1911, it was believed 
and, toward the close of the epidemic, was experimentally de- 
monstrated, by Strong and Teague, that sputum in the form of 
invisible droplets containing viable plague bacilli was frequently 
suspended in the air near the coughing pneumonic-plague pa- 
tients. A Petri dish, containing solidified agar-culture-medium, 
held for a minute or two before the mouth of a patient 
and closed after a single cough did in some instances on in- 
cubation show numerous colonies of plague bacilli, aithough no 
visible particles of sputum had been thrown against it; There 
was every reason to believe that even the smallest number of 
these bacilli inhaled into the lung would lead to infection and 
that this was, in fact, the common mode of infection in pneu- 
monic plague. The obvious method to protect against such infec- 
tion was to interpose a barrier to the passage of these droplets 
into the mouth and nostrils. With this object in view, masks 
were worn quite generally by physicians and attendants when 
in the presence of plague patients or suspected cases. That 
protection was afforded by the masks apparently went unques- 
tioned and, without the sense of security that their use gave, the 
mental strain in connection with the work would have been 
almost unbearable. 

The total number of deaths that occurred among physicians, 


* Report of the Internatiorial Plague Conference held at Mukden, April, 
1911. Manila (1912), 88. See also П, p. 137 of this report. 
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nurses, attendants, and inspectors during the recent epidemic 
of pneumonic plague in Manchuria will never be known, The 
following death roll at Fuchiatien, the Chinese city near Harbin, 
shows that the total must have been extremely high. 


List of deaths of antiplague staff at Fuchiatien.* 


Doctors 1 out of 20 
Students 1 out of . 29 
Native practitioners 4outof 9 
Police inspectors 2 out of 31 
Police 80 out of 688 
Sanitary police 11 out of 206 
Mounted police 5 out of 80 
Firemen 5 out of 20 
Coolies 102 out of 550 
Cooks 4 out of 60 
Ambulance parties 69 out of 150 
Soldiers 63 out of 1,100 

- Total 297 out of 2,943 


In South Manchuria the plague sanitary corps suffered a loss 
of 122 persons among whom were 1 Japanese, 1 English, and 
40 Chinese physicians, This represents 2.66 per cent of the 
total plague mortality in the districts concerned. 

The presumption is that all of the members of the sanitary 
corps wore masks. The masks were, however, not worn con- 
stantly nor were they always properly adjusted; coolies were 
often seen with the masks hanging around their necks instead of 
being over their mouths. Hence the high death rate of the sani- 
tary staff can not be regarded as proof of the inefficiency of 
masks. 

In Mukden the mask which was almost universally employed 
consisted of a pad of absorbent cotton about 16 by 12 centi- 
meters and about 1.5 centimeters thick; this was wrapped in 
gauze, the ends of which were tied at the back of the head. 
(See Plate V, fig. I. В.) A many-tailed bandage (see Plate 
V, fig. L A) composed of three layers of gauze with holes for 
the eyes was tied around the entire head and served to press 
the mask firmly against the face and to keep it snugly in place 
for hours at a time: When first put on, this mask was deci- 
dedly uncomfortable, but after a few minutes one became some- 
what accustomed to it and could wear it for two or three hours 
at a time. There was, however, always an intense feeling of 


* Ibid., p. 242. ? [bid., p. 244. 
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relief on removing it. We shall designate this type of mask 
in the discussion to follow as the “Mukden mask.” * 

The following experiments were undertaken with the idea of 
determining whether this Mukden mask is, in fact, an efficient 
barrier against the passage of plague bacilli into the lungs and, 
also, whether or not other types of masks are more efficient. 

At the International Plague Conference held in Mukden in 
April, 1911, Broquet, the French delegate, demonstrated a mask 
“copied from those used by doctors in the epidemic of the four- 
teenth century as shown in old books.” з It consisted of a hood 
of light canvas or khaki cloth, covering the entire head and 
drawn in at the neck. In front was a window of mica. No 
experiments had been performed to test the efficacy of this mask. 
We shall refer to this type of mask hereafter as the “Broquet. 
mask.” It was not used during the recent epidemic of pneu- 
monic plague in Manchuria with the exception of a few times 
by Broquet himself. 

Our preliminary tests indicated that a hood of heavy Canton 
flannel with a nap was more effective in holding back Bacillus 
prodigiosus than hoods of lighter cloth such as the one demon- 
strated by Broquet. Instead of mica for the window, we used 
sheet celloidon such as one sees in the storm curtains of auto- 
mobiles. The hood was made narrow at the neck so that it 
would spread- out over the shoulders and could be drawn in 
and tied snugly around the neck. Comparative experiments were 
made with this mask and the Mukden mask; the subjects wear- 
ing the two masks were forced to breathe air containing Bacillus 
prodigiosus simultaneously for the same length of time. 

Bacillus prodigiosus was selected for the experiments as being 
entirely harmless and easily recognizable on account of its pig- 
ment production. An ordinary throat atomizer was used for 
making the spray, but with the idea of getting smaller droplets 
the rubber bulb was removed and a stronger airblast was 
obtained by using an automobile pump. 

Special precautions were taken to avoid accidental contami- 
nation with B. prodigiosus on removing the mask. (See Plate 
V, fig. 2.) The subject was clothed in an operating gown and, 
in the case of the Mukden mask, his head was covered with a 
cloth and the eyes protected by automobile goggles. The spray- 
ing was generally done in a small, single-roomed stable which 


‘We were informed that this mask was extensively used in Harbin 
before its introduction into Mukden. 
*Report of the International Plague Conference, p. 303. 
10592——9 
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was boarded up on all sides to keep out the light and to avoid, 
to a certain extent, currents of air. The gowns, goggles, and 
head-cloths were removed after the subjects had left the stable 
and before they entered the laboratory building. One of the 
authors attended to the spraying and exposure of the subjects, 
the other endeavored to keep himself and his laboratory room 
free from B. prodigiosus and made the necessary plate-cultures 
in order to determine the result of the test. At first the saliva, 
taken before and after the spraying, was smeared over agar 
plates, but later it was found that small pieces of moistened 
cotton, placed in the nostrils and before the mouth (underneath 
the Mukden mask), rendered the test much more delicate. 

Agar plates were exposed during the course of the experiment 
in order to obtain an indication of the living prodigiosus bacilli 
that were in the air around the mask at that time. 

The following protocols, selected from a long series of such 
experiments, demonstrate the general mode of procedure and 
the results obtained. 


PROTOCOL NO. 1. (EXPERIMENT NOS. 97 AND 98.) 


Two laboratory boys‘ served as subjects. Control plates were made as 
follows: A quantity of saliva was expectorated into a plate containing 
solidified agar, distributed by means of a sterile cotton plug, and a small 


"The first experiment was performed upon ourselves to demonstrate 
the harmlessness of the procedure. Then several of our colleagues and 
about 8 different laboratory boys served as subjects in these experiments. 
Yet, owing to the large number of experiments that were done, it was 
found necessary to use the same laboratory boys repeatedly as subjects. 
However, a period of at least a week was allowed to elapse before a boy 
was again called upon to serve, and then smears were made from nostrils 
and saliva to determine whether by any chance Bacillus prodigiosus was 
present. These tests proved to be in every case negative. In order to gain 
some idea of the length of time that Bacillus prodigiosus can persist in 
the mouth, one of us rinsed his mouth with a suspension of prodigiosus 
(one slant in 10 cubie centimeters of salt solution) and gargled some of 
the same suspension. Plates inoculated with his saliva at intervals gave 
the following results: 

Saliva after three-fourths hour Plate No. 1: Overgrown with prodigiosus. 


Saliva after 33 hours Prats No. 1: Overgrown with prodigiosus. 
: Plate No. 1: Overgrown with prodigiosus. 
Saliva after 53 hours Plate No. 1: Overgrown with prodigiosus. 
Saliva after 16 hours Plate No. 1: 20 colonies of prodigiosus. 
Plate No. 2: 15 colonies of prodigiosus. 
Saliva after 193 hours Plate No. 1: No colonies of prodigiosus. 


Plate No. 2: No colonies of prodigiosus. 
Two meals were taken during the course of this experiment. 
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portion spread thinly over a sccond agar plate. Both plates were preserved 
for growth and examination. At the same time the nostrils were swabbed 
with a small pledget of sterile cotton moistened with salt solution and this 
rubbed over solidified agar. (In no case was В. prodigiosus obtained from 
the nostrils or saliva in these controls taken before spraying.) 

The boys were clothed with operating gowns. 

Boy No. 1 wore a Mukden mask consisting of two and one-half layers 
of Johnson and Johnson absorbent cotton. Thin layers of this cotton 
in Petri dishes were steamed in an Armold sterilizer and then placed 
in the ice box so that water would condense upon the cotton and inside 
of the Petri dishes. A portion of the cotton thus moistened was placed 
in approximately the center of the mask between the layers of the 
cotton, so that when the mask was in place it lay before the mouth 
and nostrils, Small bits of the moist cotton were placed within the nos- 
trils and a larger piece before the mouth and nostrils. This latter piece 
was held in place by the mask. Small pieces of dry absorbent cotton 
were placed on each side of the nose and then the Mukden mask was 
tied in place. Automobile goggles were worn over the eyes. The ex- 
posed portion of the head above the mask was covered with a cloth. 

Boy No. 2 wore a Broquet mask of heavy Canton flannel cloth, This 
hood had been used in a number of previous experiments after each of 
which it had been disinfected in lysol solution and placed in the sun to 
dry. Small bits of the steamed moist cotton were placed loosely within 
the nostrils, and as in the preceding instance a larger piece of the same 
cotton was placed over the mouth and nostrils. This was held in place 
by a strip of gauze which was tied at the back of the head. A straw 
hat was placed on the boy’s head, and the mask was then put on and tied 
in snugly around the neck. (See Plate V, fig. 2.) 

The two boys, thus masked, were taken into a stable with the walls 
boarded up to keep out the light and to prevent currents of air. А sus- 
pension of prodigiosus bacilli in 0.5 per cent sodium chloride solution 
(1 agar slant in about 40 cubic centimeters) was sprayed by means of 
a throat atomizer connected with an automobile pump. The spray was 
directed alternately toward one mask and then the other for a period of 
three minutes. The boys were then brought back to the laboratory. But 
the gowns, goggles, and head-cloths were removed before they entered 
the laboratory building which was only a few meters away. This was 
done in order to prevent a possible contamination of the test culture 
plates with prodigiosus bacilli which might have become scattered in 
the air while the masks were being removed. (The gowns and cloths 
were sterilized in an autoclave at 120°C. before they were used in the 
next experiment.) 

The subjects then proceeded to the door of the laboratory room where 
the masks were removed and cultures made as follows: 

The cotton taken from before the mouth, that from the nostrils, and, 
in case of the Mukden mask, that from the interior of the mask were 
transferred by sterile forceps to separate Petri dishes containing solidified 
agar, and rubbed over the surface of the agar. Each mass of cotton 
was then transferred to a second Petri dish well wet with salt solution 
and rubbed over the second plate and left on the surface of the media. 
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The cotton was wet in order to afford conditions for growth to any B. 
prodigiosus which might otherwise have remained in the dry center of 
ihe eotton. (In a few cases the wet cotton mass alone, after twenty-four 
hours, showed the red color indicative of the growth of B. prodigiosus.) 
All plates were left in the dark at room temperature (25° to 30°С.), 
protected by glass jars. 

The result of all the cultures, read two days later, was as follows: 


Boy No. 1. Mukden mask. 


ү Plate Мо. 1: Prodigiosus absent, 
Saliva taken before exposure Plate No. Prodigiosus absent. 
Plate No. Prodigiosus absent. 
Plate No. 2: Prodigiosus absent. 
9 igi н 
Cotton from nostrils after exposure {Prats не Hire c 
Plate No. 1: Prodigiosus present. 
Plate No. 2: Prodigiosus present. 
Plate No. 1: Prodigiosus present. 
Plate No. Prodigiosus present. 


Cotton from nostrils before exposure 


Cotton before mouth after exposure | 


Cotton within the mask after exposure 


Boy No. 2. Canton flannel Втодисі mask. 


Plate No. 1: Prodigiosus absent. 
Plate No. Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 
Plate No. 1: Prodigiosus present. 
Plate No. 2: Prodigiosus present. 
Plate No. 1: Prodigiosus present. 
Plate No. 2: Prodigiosus present. 


Saliva taken before exposure 


Cotton from nostrils before exposure 


Cotton before mouth after exposure 


Cotton from nostrils after exposure 


A plate exposed to the air of the laboratory room, while the above 
plates were being prepared, showed no red colonies. 


DISCUSSION OF PROTOCOL NO. 1. 


This experiment shows that neither the Mukden mask nor 
the heavy Canton flannel Broquet mask is able to hold back 
completely prodigiosus bacilli when they are sprayed in large 
numbers continuously for a period of three minutes about the 
heads of the subjects. As this Broquet mask is the most effi- 
cient of all the masks with which we have experimented, it 
follows that none of our masks can withstand this test. The 
fact that the moist cotton from the center of the Mukden mask 
contained many prodigiosus bacilli shows that some of the pro- 
digiosus bacilli passed directly through the mask; or, in other 
words, that the ineffieiency of this mask is not due solely to 
the fact that the bacilli pass around the edges of the cotton pad 
or through the free spaces at the sides of the nose which were, 


EFFICACY OF VARIOUS MASKS. 261 


perhaps, only imperfectly plugged with cotton. In this experi- 
ment the masks are subjected to a much more severe test than 
would occur in practice; nevertheless, it presents conclusive evi- 
dence, we believe, that these masks do not offer absolute protec- 
tion against infection with pneumonic plague. 


PROTOCOL NO, 2. (EXPERIMENTS NOS. 69 AND 10.) 


February 3. А fresh culture of В. prodigiosus upon slanted agar was 
suspended in 0.5 per cent sodium chloride solution and about one-half of this 
suspension was sprayed through an atomizer by means of an automobile 
pump. The spray was directed toward all parts of a small single-roomed 
stable with the walls boarded up to keep out the light and, fo a certain 
extent, the currents of air. Three minutes after the spraying had been 
discontinued, two subjects, one wearing our Canton flannel Broquet mask 
and the other a “Mukden mask” were taken into the room and allowed to 
remain for ten minutes. The temperature of the stable measured 28° 5 C. 
The weather was overcast and there had been a drizzling rain of short 
duration about one hour before the experiment began, 


Number of living B. prodigiosus in the air. 


Number of 

Time after spraying. prodigiosus 
colonies. 

à to 3 minutes + Innumerable. 

«cote {2 to 6} minutes 11,400 

Ке to 9 minutes 1,416 

Роке, (9 to 12 minutes 472 

12 to 23 minutes 63 


Subject No. 1. Canton flannel Broquet mask. 


Plate No. 1: Prodigiosus absent. 
Plate No. 1; Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus absent, 


Saliva taken before exposure 


Cotton from nostrils before exposure 


Cotton from nostrils after exposure 


Cotton before mouth after exposure 


“In another experiment we obtained further evidence that bacteria may 
pass directly through the cotton pad of the Mukden mask. Layers of 
cotton as thick as the Mukden mask, sufficiently wide to cover the entire 
face and overlapping at the back of the head, were held in place by a 
many-tailed bandage, no openings in the cotton or bandage being made for 
the eyes. The remaining portion of the subject’s head and his neck were 
then bandaged with layers of cotton of the same thickness and a suspen- 
sion of prodigiosus bacilli was sprayed about his head for a period of 
seven minutes. The bacilli were recovered from the cotton immediately 
before his mouth and from his saliva. 
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Mukden mask. 


Plate No. 1: Prodigiosus absent. 
Piate No. 2: Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 
Piate No. 2: Prodigiosus absent. 
Plate No. 1: Prodigiosus present, 
Plate No. 2: Prodigiosus present, 
Plate No. 1: Prodigiosus present. 
ies No. 1: Prodigiosus present. 


Subject No. 2. 
Saliva taken before exposure 


Cotton from nostrils before exposure 


Cotton from nostrils after exposure 


Cotton before mouth after exposure 


ae Plate No. 1: Prodigiosus absent. 
Cotton within the mask after exposure |ы Мо. 2: Prodigiosus absent. 


DISCUSSION OF PROTOCOL, NO. 2. А 


Living prodigiosus bacilli were very numerous at the beginning 
of the test, but decreased very rapidly during the ten minutes 
that the subjects were exposed. This must be regarded also 
aS a very severe test, though by no means so severe as the 
preceding one. The Broquet mask withstood the tests, while 
the Mukden mask failed to hold back all the prodigiosus bacilli, 
This experiment, therefore, demonstrates clearly the superiority 
of the Broquet mask over the Mukden mask. 


PROTOCOL NO. З. (EXPERIMENTS NOS. 67 AND 08.) 


February 1, 1912. Spraying as the preceding experiment. The two 
masked subjects were taken into the stable six minutes after the spraying 
had been discontinued and allowed to remain ten minutes. Hot, sunshiny 


day. Temperature in the stable 29°C. 
Number of living prodigiosus bacilli in the air. 
‘Time after spraying. push 
colonies. 
1 to 3 minutes 6,000 
3 to 6 minutes 2,760 
ы 6 to 9 minutes 280 
b n 
eem 9 to 12 minutes 127 
"112 to 15 minutes 29 
15 to 30 minutes 1 


Subject No. 1. 
Saliva taken before exposure 
Cotton from nostrils before exposure 
Cotton from nostrils after exposure 


Cotton before mouth after exposure 


Cotton within the mask after exposure 


Mukden mask. 


Plate No. 2: Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus present. 
(Cotton red and 32 colonies.) 
Piate No. 1: Prodigiosus absent. 
[eiie No. 2: Prodigiosus absent. 


(286 No. 1: Prodigiosus absent. 


EFFICACY OF VARIOUS. MASKS. 268 
Subject No. 2. Canton flannel Broquet mask. 


Saliva taken before exposure {ыз No. 1: Prodigiosus absent, 


Plate No. 2: Prodigiosus absent. 
Plate No. 1: Prodigiosus absent, 
Plate No. 2: Prodigiosus absent. 
{eae No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus absent. 


; Plate No. 1: Prodigiosus absent 
Cotton fri tril: | 
0 om nostrils after exposure (rae No. 2: Prodigiosus absent. 


Cotton from nostrils before exposure { 


Cotton before mouth after exposure 


DISCUSSION OF PROTOCOL No. 3. 


This test was an extremely light one, A Petri dish exposed 
during the first three minutes that the masked subjects were 
in the room developed only 280 Prodigiosus colonies and an- 
other, during the last three minutes, only 29 colonies, In Spite 
of the small number of living prodigiosus bacilli that were in 
the air, the Mukden mask failed to hold back all of them. We 
are inclined to believe that this test is even a less severe one 
than that to which the masks were subjected during the recent 
plague epidemic in Manchuria, as the coughing patients in the 
crowded wards must have been throwing out hundreds of fine 
droplets almost continuously and, on account of the low temper- 
ature, the plague bacilli in these droplets must have remained 
suspended in the air in a viable condition for a considerable 
period of time. Since we have found repeatedly in tests which 
Were not severe that the Mukden mask allowed bacilli to pass, 
we are forced to the conclusion that the sense of security felt 
by those who wore this mask in the Manchurian epidemic was not 
justified. 


PROTOCOL NO. 4. 


This experiment was carried out in a cold-storage room measuring about 
2.5 by 8 meters at a temperature of 12°C. A 24-hour agar-culture of pro- 
digiosus was suspended in about 40 cubic centimeters of 0.5 per cent sodium 
chloride solution and filtered twice through cotton. A portion of this sus- 
Pension was sprayed by means of a throat atomizer connected by rubber 
tubing with a two-cylinder force-pump such as is used in filling automobile 
tires, The spraying was continued for а period of two minutes, the spray 
being directed toward all portions of the room. The pump was then re- 
moved and the door of the cold room quickly closed. A period of two hours 
Was allowed to elapse, and then the three masked boys were hurried 
into the room and the door was closed behind them. They remained ten 
minutes in the room, During this time each held in his hand an open 
Petri dish containing solidified agar and closed it immediately after leaving 
the cold room. 

Boy No. 1 wore a Mukden mask, boy No. 2 our Canton flannel Broquet. 
mask. The usual measures against accidental contamination with B. pro- 
digiosus were adopted. Boy No. 8 wore a mask of wet gauze, Strips of 
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gauze were boil 
loosely over the lower portio! 
The gauze was not in layers 


ings which are intended to absorb pus. 


for the eyes, such as is used with tl 


gauze firmly against the face and held it snugly in place. 


D TEAGUE. 


ed and while still warm were squeezed out and applied 
n of the face from the eyes to below the chin. 
but was placed irregularly as in surgical dress- 


A many-tailed bandage with holes 
he Mukden mask, pressed the moist 
This mask was 


about five or six centimeters thick over the mouth and became thinner 


toward the edges. Goggles were worn 


by this boy also and the top of his 


head was covered with a cloth reaching down to the mask. 


Boy No. 1. 
Saliva taken before exposure 
Cotton from nostrils before exposure 
Cotton within mask after exposure 
Cotton before mouth after exposure 
Cotton from nostrils after exposure 


Plate held. by boy during exposure 


Mukden mask. 


Plate No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus absent. 


Prodigiosus absent. 


Plate No. 1: Prodigiosus present. 
Plate No. 2: Prodigiosus present. 
Plate No. 1: Prodigiosus present. 
Plate No. 2: Prodigiosus present. 
Plate No. 1: Prodigiosus present. 
Plate No. 2: Prodigiosus present. 


4,420 prodigiosus colonies. 


Boy No.2. Broquet mask. 


Saliva taken before exposure 

Cotton from nostrils before exposure 
Cotton before mouth after exposure 
Cotton from nostrils after exposure 


Plate held by boy during exposure 
Boy No. 3. 


Saliva taken before exposure 

Cotton from nostrils before exposure 
Cotton before mouth after exposure 
Cotton from nostrils after exposure 


Plate held by boy during exposure 


Mas. 


Prodigiosus absent. 
Prodigiosus absent. 


Plate No. 1: 
Plate No. 2: 


Prodigiosus absent. 


Plate No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus absent. 


4,000 prodigiosus colonies. 
k of wet gauze. 

Plate No. 1: Prodigiosus absent. 
Plate No. 2: Prodigiosus absent. 
Prodigiosus absent. 


Plate No. 1: Prodigiosus present. 
Plate No. 2: Prodigiosus present. 
Plate No. 1: Prodigiosus present. 
Plate No. 2: Prodigiosus present. 


4,485 prodigiosus colonies. 


DISCUSSION OF PROTOCOL NO. 4. 


In spite of the long interval (two hours) which elapsed be- 
tween the spraying and the exposure of the subjects, this test 
must be regarded as a very severe one, for the plates show that 
numerous living prodigiosus bacilli still remained suspended in 
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the air at the time of the exposure, Furthermore, the number 
of living bacilli in the air in the cold room remains practically 
constant during the ten minutes of the test, while, as we have 
seen, in the warm stable there is a rapid decrease. This ex- 
periment shows again the superiority of our Broquet mask over 
the Mukden mask. It also proves that prodigiosus bacilli may 
pass directly through the cotton pad of the Mukden mask, for 
a piece of moist cotton placed near the center of the pad contained 
prodigiosus bacilli after the test. The mask of wet gauze also 
failed to hold back all the bacilli and is hence inferior to our 
Broquet mask. The experiment does not afford any evidence 
as to the relative efficiency of the Mukden mask and the mask 
of moist gauze, 
PROTOCOL NO. 5. 


March 1, 1912. The mouth of one of us was rinsed with sterile salt 
solution and then about 10 cubic centimeters of saliva were collected in a 
sterile test tube. One slant of a fresh prodigiosus culture was suspended 
in this saliva. The resulting suspension was thoroughly shaken and then 
taken a little at a time into the mouth and made into a spray by being 
blown between the lips. The spraying was done in a cold storage room 
at 9°C. The room was then kept closed for one hour, when the three masked 
subjects were quickly taken in and the door closed behind them. They 
remained inside ten minutes, each subject holding during that time an 
open Petri dish of solidified agar. 

The masks were removed and cultures made as in the preceding 
experiment. 


Number of living prodigiosus bacilli in the air. 


Number of 

prodigiosus 

colonies. 
Plate held by subject No. 1 2,340 
Plate held by subject No. 2 2,405 
Plate held by subject No. 3 3,120 


Subject No. 1. Mukden mask. 


OE Plate No. 1: Prodi absent. 
Saliva taken before exposure Plate No. 2: Prodijriosus absent. 


Cotton from nostrils before exposure Plate No. 1: Prodigiosus absent. 
[Plate No. 1: Prodigiosus present, 


Cotton from nostrils after exposure [Plate No. 2: Prodigiosus present 
io. 1: iri 

Cotton before mouth after exposure Du Но a тош pisi 

: ae Plate No. 1: Prodigiosus present. 

Cotton within the mask.after exposure Plate No. 2: Prodigiosus present. 

à Plate No. 1: Prodigiosus absent. 

Saliva taken after exposure Plate No. 2: Prodigiosus absent, 
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Subject No. 2. Canton flannel Broquet mask. 


Plate No. 1: Prodigiosus absent. 

Saliva takti ‘before exposure Plate No. 2: Prodigiosus absent. 
Cotton from nostrils before exposure Plate No. 1: Prodigiosus absent. 
Я " Plate No. 1: Prodigiosus absent. 

Cotton from nostrils after exposure Plate No. 2: Prodigiosus absent. 
Plate No. 1: Prodigiosus absent. 

Cotton before mouth after exposure Plate No. 2: Prodigiosus absent. 
А Plate No. 1: Prodigiosus absent, 
Sollva;taken after exposure Plate No. 2: Prodigiosus absent. 


Subject No. 3. Mask of wet gauze. 


Saliva taken before exposure Plate No. 1: Prodigiosus absent. 


Plate No. Prodigiosus absent. 
Cotton from nostrils before exposure {Буе мө. ре PLO oe oboe 
Cotton from nostrils after exposure га RA * кы pes 
Cotton before mouth after exposure |500 NO 2: робини remet 
Plate No. 1: Prodigiosus absent. 


Saliva taken after exposure 


Plate No. 2: Prodigiosus absent. 
DISCUSSION OF PROTOCOL NO. 5. 


This experiment was designed to approximate more. nearly 
to the conditions that occurred in Manchuria. It seemed pos- 
sible that the viscid sputum of pneumonie plague might form 
larger droplets than the salt solution of our experiments and 
on that aecount be unable to pass through the masks. Pre- 
liminary tests were made by taking prodigiosus bacilli into the 
mouth and then holding Petri dishes containing solidified agar 
immediately before the mouth while talking or coughing. It 
was found that under these conditions prodigiosus bacilli were 
emitted in too small numbers and too inconstantly for the method 
to be satisfactory in testing our masks. Swabbing the vocal 
cords with the bacilli might have given satisfactory results, 
but this was not tried. Instead of this, it was decided to blow 
saliva containing prodigiosus bacilli between the lips thus con- 
verting it into a spray. The droplets of saliva produced in 
this way apparently passed through the masks as readily as the 
salt solution droplets from the atomizer. This experiment fur- 
nishes strong evidence that droplets of sputum from pneumonic- 
plague patients may be able to pass through the Mukden mask. 
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General discussion.—The protocols which have been cited could 
be supplemented by numerous others € giving similar results. 

While these experiments furnish evidence that fine droplets 
of sputum of patients suffering from pneumonie plague may 
pass through the mask that was so widely used in Manchuria, 
yet they do not at all indicate that this mask was entirely 
without value, Obviously, the mask would hold back gross visible 
particles of sputum which are sometimes thrown out in coughing. 
Moreover in our experiments, when prodigiosus bacilli were 
recovered from the nostrils, it is probable that in the same test 
without the mask far greater numbers would have entered; in 
other words, it seems probable that great numbers of bacteria, 
that otherwise would have entered the nose and mouth, remain 
on the surface of the mask and in its substance. 

Hence we believe that masks should be worn by those attending 
pneumonie-plague patients, but that they should not be regarded 
as affording absolute protection against infection; bearing this 
in mind, even when masked, one should remain in the near 
vicinity of the patient only so long as is necessary for the work 
in question. 

CONCLUSIONS. 


(1) The “Mukden mask” in general use during the epidemic 
of pneumonic plague in Manchuria, during «ће winter of 1910 
to 1911, does not prevent the passage into the mouth and nostrils 
of B. prodigiosus when contained in small droplets sprayed 


*The Mukden mask was used in 42 tests and was found to hold back 
the prodigiosus bacilli in only 6 of these and to allow them to pass in 36 
instances. Of the 6 tests in which the bacilli failed to penetrate the mask, 
three were preliminary experiments to determine whether a satisfaetory 
spray was produced in talking or coughing after rinsing the mouth with 
a suspension of prodigiosus bacilli; plates exposed during the experiment 
showed less than 20 colonies each and the method was therefore abandoned, 
In two others of these 6 tests the exposed plates showed only 15 and 200 
colonies respectively. Finally, in the last of these 6 tests, the subject 
drew the cotton from before his mouth and nose into his mouth where it 
became saturated with saliva and plates were not made from the cotton 
within the nostrils, 

In some of the tests in which the prodigiosus bacilli passed through 
the Mukden mask, the exposed plates contained only a few colonies, in- 
dicating that the test was much less severe than those in the protocols 
recorded above. 

Our Canton flannel Broquet mask was employed in 17 different exper- 
iments, It held back all the prodigiosus bacilli in 10 of these and allowed 
some of them to pass in 7. 
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around the mask. This mask consists of a pad of absorbent 
cotton held over the mouth and nose by a many-tailed gauze 
bandage. 

(2) A hood of heavy Canton flannel cloth, covering the entire 
head and tied in snugly at the neck, withstands much severer 
tests than does the Mukden mask. It does not, however, offer 
an absolute barrier to the passage of prodigiosus bacilli into 
the mouth and nostrils of the subject. This mask, with a 
window in front, is not more inconvenient nor more uncomfort- 
able than the Mukden mask. 

.(3) It is shown that the inefficiency of the Mukden mask is 
not due solely to the fact that the mask fails to conform to the 
configuration of the face but that the bacteria may pass directly 
through the mask; for a piece of moist cotton placed in the center 
of the mask was found after the test to contain prodigiosus 
bacilli. 

(4) It is believed that, although masks hold back many bac- 
teria that would otherwise pass into the mouth and nosirils, 
nevertheless their use during the recent epidemic of pneumonic 
plague in Manchuria lent a false sense of security which may 
have led to the taking of unnecessary risks. We believe that 
these experiments fully justify the conclusion that masks such 
as were used in that epidemic do not offer an absolute protection 
against pneumonic "plague. 


STUDIES ON PNEUMONIC PLAGUE AND PLAGUE 
IMMUNIZATION. 


ILLUSTRATIONS, 


PLATE I. 


Pneumonic plague hospital, Mukden. 
Fic. 1. Side view. 
2. Rear view. 
Puate П. 


Fig. 1. American laboratory within courtyard of plague hospital, Mukden. 
2. Room in which neeropsies were performed in Mukden. 


PLATE III. 


Fic, 1. Ward with attendants in plague hospital, Mukden. 
2. Some of the nurses and attendants outside of plague ward. 


PLATE IV. 


Uniform adopted for protection from infection When in contact with 
pneumonic-plague cases. 
PLATE V. 


Masks for protection against pneumonic plague. 
Fig. 1. The Mukden mask, 
A. The many-tailed bandage to hold the pad securely in place. 
B. The cotton pad wrapped in gauze. 
2. Two subjects wearing the modified Broquet mask and the Mukden 
mask, respectively, ready for exposure to the sprayed bacilli. 


- PLATE VI. 
The tarbagan (Aretomys bobac Schreb.). (Photograph by Dr. Wu.) 
d PLATE VII. 


Fic. 1. Lung of guinea pig which died of advanced plague infection after 
being exposed to air in which plague bacilli were suspended by 
means of spraying. 

2. Lung of monkey which died of pneumonic-plague infection from 
inhalation; lobular pneumonia. 

3. Lung of monkey which died of pneumonie-plague infection from 
inhalation, showing progression of lesions; lobular and lobar 


pneumonia. 
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Prate VIII. 


Human lung in pneumonic plague; marked lobar pneumonia, showing deep 


hyperzmia of bronchi. 
PLATE ІХ. 


Human lung in pneumonic plague, showing more well-marked areas of 
lobular pneumonia and pleural exudate. 


PLATE X. 


Human lung, pneumonic plague, showing gray hepatization and fibrinous 
pleurisy. 
PLATE ХІ. 


Human throat, larynx, and trachea in pneumonic plague. Marked hy- 
perzmia.of the larynx and trachea; the tonsils not swollen; marked 
hyperplasia of an incised lymphatic gland to the right of the trachea 
and of a small more hemorrhagic gland at the base of the trachea. 


PLATE XII. 


Fic. 1. Lung of dog with pneumonic plague. 
2. Liver of tarbagan (Arctomys bobac Schreb.), showing chronic 
plague infection. 
Prate XIII. 


Microscopical section of human lung, showing particularly congestion of 
the alveoli filled with plague bacilli. (Drawn from magnification of 
150 diameters.) 

PLATE XIV. 


Mieroscopical section of human lung, showing particularly alveoli filled 
with plague bacilli, (Drawn from magnification of 780 diameters.) 


PLATE XV. 


Microscopical section of human lung in advanced stage of pneumonia, 
showing bacilli in great masses about blood vessels. (Drawn from 
magnification of 780 diameters.) 


PLATE XVI. 


Microscopical section of human lung in stage of hepatization with absence 
of fibrin. Section stained for fibrin by Weigert’s method. (Drawn 
from magnification of 330 diameters.) 


PLATE ХУП. 


Microscopical section of human lung in pneumonic plague, showing char- 
acter of alveolar exudate. (Drawn from magnification of 330 di- 
amoters.) 

PLATE XVIII. 


Microscopical section of human tonsil, pneumonie plague, showing con- 
gestion. (Drawn from magnifieation of 150 diameters.) 
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Fig. 1. Side view. 


Fig, 2. Rear view. 


PLATE 1. PNEUMONIC-PLAGUE HOSPITAL, MUKDEN. 
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Fig. 1. American laboratory within courtyard of plague hospital, Mukden. 


Fig. 2 Room in which necropsies were performed ín Mukden, 


PLATE ll. 
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Fig. 1. Ward with attendants in plague hospital, Mukden. 


Fig. 2. Some of the nurses and attendants outside of plague ward, 


PLATE IIl. 


STRONG: Рикомомс PLAGUE.] 


Гени, Journ. Scr, УП, B, No. 5. 


PLATE IV. UNIFORM ADOPTED FOR PROTECTION FROM INFECTION WHEN IN 
CONTACT WITH PNEUMONIC-PLAGUE CASES. 


y 
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Fig. l. The Mukden mask. А. The many-tailed bondage to hold the pad securely in place, | 
B. The cotton pad wrapped in gauze, 


в. 2. Two subjects wearing the modified Broauet mask and the Mukden mask, respectively, 
ready for exposure to the sprayed bacilli 


PLATE V. MASKS FOR PROTECTION AGAINST PNEUMONIC PLAGUE, 


STRONG: Рквомомю PLAGY 


{Рип Sours. Sci, VII, B, No. 3. 


PLATE VI, The TARBAGAN (Arctomya Борас меһтер.) 


P4 
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Fg. 1. 


Fig. 2 


Fig. 3. 


Lung of guinea pig which died of advanced plague infection, after being exposed to air 
In which plague bacilli were suspended by means of spraying, 


Lung of monkey which died of oneumonio-olngue infection from Inhalation; lobular 


pneumonia. 


Lung of monkey which died of pneumonio-plague Infection from inhalatioi 
progression of lesions; lobular and lobar pneumonia. 


showing 


PLATE Vil, 
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PLATE VIII. 


PLATE L LUNG IN PNEUMONIC PLAGUE. LOBAR PNEUMONIA; SHOWING DEEP HYPER/EMIA OF 
BRONCHI. 


1 of the Report of the International Plague conference Is reproduced here as Plate VIII. 
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PLATE IX. HUMAN LUNG IN PNEUMONIC PLAGUE, SHOWING MORE WELL-MARKED 
AREAS OF LOBULAR PNEUMONIA AND PLEURAL EXUDATE. 


8ткохо, CROWELL, AND Teague: Рх! 


MONIC PLAGUE) (Pritt. Journ. Scr, ҮП, В, No. 1. 


PLATE X, HUMAN LUNG, PNEUMONIC PLAGUE, SHOWING GRAY HEPATIZATION AND 
FIBRINOUS PLEURISY. 


STRONG, CROWELL, AND TEAGUE: PNEUMONIC PLAGUE.) [Pri Journ. Scr, УП, В, No. 3, 


PLATE Il. THROAT, LARYNX, AND TRACHEA IN PNEUMONIC PLAGUE. MARKED HYPERAMIA OF 
THE LARYNX AND TRACHEA; TONSIL NOT SWOLLEN, MARKED HYPERPLASIA OF AN 
INCISED LYMPHATIC GLAND TO THE RIGHT OF THE TRACHEA, AND OF A SMALL 
MORE HAMORRHAGIC LYMPHATIC GLAND AT THE BASE OF THE TRACHEA, 


Plate Il of the Report of the International Plague Conference is reproduced here as Plate XI, 


RONG AND TEAGUE: PNEUMONIC PLAGUE.] (Риш. Journ. Scr, VII, B, No. 3. 


Fig. 1. Lung of dog with pneumonio plague. 


Fig. 2. Liver of tarbagan (Arctomys Борас Schreb), showing chronio plague infeotion 


PLATE XII. 


STRONG, CROWRLI, AND TEAGUE: PNEUMONIC PLAGUE] Грип. JOURN. Scr., VIL B, No. 8. 


PLATE ХШ. MICROSCOPICAL SECTION OF HUMAN LUNG, SHOWING PARTICULARLY 
CONGESTION OF THE ALVEOLI FILLED WITH PLAGUE BACILLI. 


(Drawn from magnification of 150 diameters. 


PLATE XIV. Крд SECTION OF HUMAN LUNG, SHOWING PARTICULARLY 
.VEOLI FILLED WITH PLAGUE BACILLI. 


(Drawn from magnification of 780 diameters.) ` 
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STRONG. CROWELL, AND TEAGUE: PNEUMONIC PLAGUE.) 


PLATE XV. MICROSCOPICAL SECTION OF HUMAN LUNG IN ADVANCED STAGE OF 
PNEUMONIA, SHOWING BACILLI IN GREAT MASSES ABOUT BLOOD VESSELS, 


(Drawn from magnification of 780 diameters.) 


» 


STRONG, CROWELL, AND TEAGUE: PNEUMONIC PLAGUE.] ГРнп. Journ. Scr, УП, B, No. 3. 


PLATE XVI. MICROSCOPICAL SECTION OF HUMAN LUNG IN STAGE OF HEPATIZATION 
WITH ABSENCE OF FIBRIN. SECTION STAINED FOR FIBRIN 
BY WEIGERT'S METHOD. 


(Drawn from magnification of 130 diameters.) 
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PLATE XVII. MICROSCOPICAL SECTION OF HUMAN LUNG IN PNEUMONIC PLAGUE, 
SHOWING CHARACTER OF ALVEOLAR EXUDATE. 
(Drawn. from magnification of 380 diameters.) 
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STRONG, CROWELL, AND TEAGUE: PNEUMONIC PLAGUE] (Pru. Journ. Sor, VII, В, No. 8. 


PLATE ХУШ. MICROSCOPICAL SECTION OF HUMAN TONSIL, PNEUMONIC PLAGUE, 
SHOWING CONGESTION. 


(Drawn from magnification of 150 dismeters.) 
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A LIST OF THE MAMMALS OF THE PHILIPPINE ISLANDS, 
EXCLUSIVE OF THE CETACEA. 


By Nro Ноцлетев. 


Order No, 418. Paver, $0.50 United States vurrenoy, postpald. 


This Is the only recent attempt to enumerate the mammals of the Philippine tslands. The 
dlatributlon of each specien is given and the original descriptions are cited. 


PRICE-LIST OF PHOTOGRAPHS. 


For sale by the Bureau of Science, 


Order No, 417. For free distribution. 


This is а list of selected photographs from the splendidly complete collection of the Bureau 
of Sclence. 


A MANUAL OF PHILIPPINE BIRDS. 
By Ricttand C. MCGREGOR, 


2 parts, 769 pages. 
Order No, 103. Paper, $4 United States currency, postpald. 


Mr. McGregor spent some eight years in active field work, visiting many parts of the Archipel- 
аро, befors beginning work on this book, Therefore, he was well prepared to undertake the 
preparation of the manual, 

А Manual of Philippine Birds contains In compact form descriptions of all the known apecies 
of Philippine birds. The usual keys and diagnoses of orders, families, and genera help the 
novice in Identificati е 


Under each spec 
descriptions of the 


are found native, English, and soientiflo names, distribution by islands, 
rds and In many Instances notes on nesting, migrations, and other habits. 


A CHECK-LIST OF PHILIPPINE FISHES. 
By Davin STARR JORDAN and ROBERT EARLE RICHARDSON. 


78 pages. 
Order No. 102. Paper, $0.75 United States currency, postpaid, 

This list will be found a convenient guide to the synonymy of Philippine Ichthyology. The 
nomenclature is thoroughly revises and the distribution of each species within the Philippine 


falands is given. 
This check list is uniform In size and style with McGregor and "Worcesler's Hand-lint of 
Philippine Birds, 


INDO-MALAYAN WOODS, 
Ву FRED W. Foxwortny, 


182 pages, 9 photographic plates, 
Order No, 411. Paper, $0,50 United States currency, postpaid. 


In Inde-Malayan Woods, Doctor Foxworthy has brought together а large amount of accurate 
information concerning trees ylelding woods of economic value. The work Is based largely upon 
Ihe author's own experience in the Philippine and neighboring regions, but previous publications 
and information generously given by other dendroiogists have been used to correlate commercial 
and native names of useful Indo-Malayan trees. 


PHILIPPINE HATS, 
Ву C. B. RoRINSON. 


Order No. 415. Paper, $0.50 United States currency, postpaid, 
This paper [s a concise record of the history and present сопа оп of hat making in the 
Philippine islands. The varlous materiala used and the different kinds of hats made in 
center of production are fully desoribed, Not of the least Importance are the botanica Identifica 
tons of the plants from which the hat materlats aro obtained, 
The plates fitustrate the hat materlals and various kinds and grades of hats, A map of 
central Luzon shows the towns ohiefly concerned In this industry, 


THE COCONUT PALM IN THE PHILIPPINE ISLANDS, 
149 pages, 30 plates, 

Order No. 37. Paper, $1 United States currency, postpaid, 

The reprint contains the following artioles: On the Water Relations of the Coconut Рея 
(Cocos nucifera), by Edwin Bingham Copeland; The Coconut and its Relation to Coconut Oll, 
and Tha Keeping Qualities of Coconut ОП and the Causes of Из Rancldity, by Herbert S, Walker; 
The Principal Insects Attacking the Coconut Palm (Parts 1 and 11), by Charles S. Banks; wilh 
ап introduotion by Paul C, Freer, 


ARY OF THE IGOROT LANGUAGE AS SPOKEN BY 
THE BONTOK тсопотв. 
By WALTER CLAYTON CLAPP. 
89 pages. 
Order No. 408. Paper, $0.75 United States currency, postpald. 
The intraduotion to this vocabulary contains notes on Pronunciation, vowels, diphthongs, con 


sonants, verbs, conjugations, syllablcation and reduplication, The vocabulary is given in Igarat- 
English and English-lgorot, 


A VOCAB: 


THE NABALOI DIALECT.. 
Ву Отто SCHEERER, 
65 pages, 29 plates, 
AND 
Tite BATAKS OF PALAWAN. 
By EDWARD Y. MILLER. 
7 pages, 6 plates, 


Order No. 403. Paper, $0.25; half morooco, $0.75 United States currenoy, pastoald. 
The Nabalol Dialect and the Bataks of Palawan are bound under one cover. 


THE BATAN DIALECT AS A MEMBER OF THE PHILIPPINE 
GROUP OF LANGUAGES. 
By Отто SCHEERER. 
AND 
"P" AND “V” IN PHILIPPINE LANGUAGES. 
By CARLOS EVERETT CONANT. 
These two papers aro Issued under one cover, 142 pages. 
Order No. 407. Paper, $0.80 United States currenoy, postoald. 


Orders for these Publications may be sent to the Business Manager, Phlilp- 
pine Journal of Science, Bureau of Science, Manila, P. L, or to any of the 
agents listed below. Please give order number. 


The Macmillan Company, 04-66 Fifth Avenue, New York City, U. 8. А. 
Ул. Wesley & Son, 28 Essex Street, Strand, London, W. C. England. 
Martinus Nijhoff, Nobelstraat 18, The Hague, Holland, 

Mayer & Müller, Prinz Louis Ferdinandstrasse 2, Berlin, N.W., Germans. 
Kelley & Walsh, Limited, 32 Rafes Place, Singapore, Straits Settlements. 
A.M. & J. Ferguson, 19 Вайне Street, Colombo, Ceylon. 

Thacker, Spink & Co., P. О. Box 54, Calcutta, India, 
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THE SUBANUNS OF SINDANGAN- BAY. 
By Evenson в. CHRISTE, 
121 pages, 1 map, 29 plates. 
Order No. 410. Paper, $1.25 United States currency, postpaid. 


Sindangan Bay is situated on the northern coast of Zamboanga: Peninsula. The Subanuhs of 
this region were studied by Mr. Christio during two perlods of five and six weeks; respectivily. 

The following. is an abstract from the contents of Mr. Christie's report on tho Subanuns: 
Habitat and history: relations’ with the Moros; material culture; houses; industries; trade; 
agriculture; family fife; social customs; administration -of justice; religion: the medicine тап; 
ceremonies; tales; word-tists; physical measurements. д 

The 29 plates Illustrate the Subanuns at work and at play; thelr Industries, houses, altars, and 
Implements; and the people themselves, 


THE HISTORY OF SULU, . 
By Nagees М, бАгЕЕВҮ. 
275 pages, 4 maps, 2 diagrams. 
Order No. 406. Paper, $0.75 United States currenóy, postpaid, 
In the preparation of his manuscript for The History of Sulu Doctor Saleeby spent much time 
and effort In gaining access to documents in the possession of the Sultan of Sulu. It fs fortunate 


that these records have now been translated and preserved in permanent form, - This book ва 
history of the Moros in the Philippines from the earliest times to the American occupation, 


STUDIES IN MORO HISTORY, LAW, AND RELIGION. 
та By Naver M. SArzERY, i 
107 pages, 16 pistes, 5 diagrams, 
Order No, 405. Paper, $0.25; half morocoo, $0.75 United States cuirency, postpald; 


This volume deais with the: earliest written records of tho'Moros in Mindanao, Doctor 
Saleeby was fortunately ablo to obtain exact copies of carefully preserved early records written 
in the Magindanao dialeat with Arabic characters, : The author prosents translations of these as 
well as 16 half-tone Illustrations of certain pages from tho originals, ' The names of the rulers of 
Magindanao are recorded in five folding diagrams, 5 


NEGRITOS OF ZAMBALES, 
By Wretraw-Atrax Ren, 


85 pages, 62 plates, 
+ Order No, 402, Paper, $0.25; half morocco, $0.75 United States currency, postpaid. 


‘The Introductory chapter deals with the general distribution of Negritos and with the distribu- 
tion of the Philippine branch of the race. The succeeding ohapters deal with the: various Indus- 
tries, amusements, and social. relations of these little men. - 

. Plates from photographs, the greater part of which was taken for this publication, show 
ornaments, houses, men making fire with bamboo, bows and arrows, dances, and varlgus types of 
the people themselves 
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